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PROLACTIN, A PRODUCT OF THE ANTERIOR 
PITUITARY, AND THE PART IT PLAYS 
IN VITAL PROCESSES 


By Dr. OSCAR RIDDLE 


OF « ETI CA G rion oO} 
| Cllstanee that thowuel These pit 
subject-matter of this paper in substances serve so import 
s more than the title sugwests, and lives their verv existence h; 
a be of interest for any one ol unknown and nstuspecter 
reasons First: the thines recently cay Chur acquaintance witl 
ed about the several products of the performed ) this eland bees afte) 
rior pituitary gland will help the nearly all of my immediate 
nt and all future generations ol born. and the verv be 
kind to control some of the abnor knowlecdeve of the specifi | 
and disease that now attend the vland fa almost within the 
and life of man. Second: This new It seems well to pursue our b 
edeve has bearing on a philosophical sideration of the several pi +) 
tlon——so. the vears ahead, it will pituitar and, and 
» into the mental outlook of the one once the incompleteness « ‘ rk) ed 
species that seeks to know itself of then We do not now know the pre 
v substances which are formed only ewe number of different Pst 
the pituitars vland are now surely pared and released on 1) t 
vn to be powerful agents for the coor this gland: our informat 
tion and control of some highly com the actions of each of these | 
ated life) mechanisms mechanisms quite incomplete; and we ha 
h have long seemed too peculiar and mental knowledee of the | 
plex for control by the nervous sys ture of any one of these produet Yet 
Once we see how the several pitul despite these great limitations, ther 
substances act and interact these wood reason to be that a , 
erto MVSTerLOUS Processes and mech mvestivation has provided the 
HS become slmipler and comprehen items Ol mportant 
and thus the new knowledge of Recognition of the severa fe p 
se substances brines further evidence Which are most marked 1 
i purely naturalistic basis of life at a these products ; h) establishment of thre 
or human level Third: To me it fact that at least thre 
s that Just now, and for us all, there products are formed in and released b 
th challenge and interest in the cn the ant tal 
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of These prodtets as of proten Ol Pots 


peptid) nature, and of a type Known as 


hormones, ana most remarkable of all 


hormones which COMMONLY act upon other 


hormone-secreting glands: (d@) finally. it 


is becoming clear that in large measure 
and the 
call 


regulating 


these hormones of the pituitary 


hormones of the glands which they 


nto action act largely asa sell 


svstem-——and that to one or another de 


vree these pituitary hormones act upon 


the nervous system while the nervous svs 


tem likewise shares in regulating the out 


put of one or more of these hormones 


Asa total result of this decade of study 


of the these 


and interactions of 


{ 
aCclLlOls 


particular hormones tl the bodies ol 


higher animals a purely natural basis for 


some of the most perform 


mVSTerLOUSs 
OW bodies 


first 


ances and adjustments of oul 
Now, for the 


human 


has become evident 
time in the long history of man, 
beings partly know a series of substances 
the 


fuller 


control rhvthmes of 
the 
erowth and some aspects ol temperament 
The 


eland 


Which largely 


eXpresslon of 


reproduction, 


and behavior brain and the an 


terior pituitary are now marked 


as the truly basic sources of the compe 


without 


tence of man It is not wholly 


pomnt to reflect that till now mankind 
has made its histor, its conquests, its 
arts, its literature, its laws, its religions, 


its philosophies—-while wholly ignorant 
of one of the two physical sources from 
which the abilities of an individual 
human bene are derived 

The location, the 


closer 


and the 


structure 


master evland 


“ussoclates ol this 


dlese) ve notice Quite hike the older part 


of the brain the pituitary is not formed 
but Is 


of separate right and left halves 


a single or unpaired organ placed very 
close to the floor of the bran The a 
terior pituitary gland is also pressed 
closel\ HeALST another stnal tl oreati 
called the posterior  pituitars eland 
This posterior gland prepares or secretes 
its own hormones—two of which are now 
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Moreover, a 


another TISs 


own 


fairly well ki 


small amount of still 


; 


between the two 


this 


ment 


elands jus 


and tissue 1s usually known a 


intermediate pituitary, while the 


mone it produces is called ** interme 


When 


one suitably prepares and 
nifies some of the cells of the ant 
pituitary gland three rather dist 
kinds of cells can be found; the 


rerences become much clearer atte} 


have all been washed with certal 


color or stain. hh 


to think that 


tions containimne 


eral, there is reason 


cells which remain uneolored after 
a bath in colored fluid are resting c¢ 


cells not actively producing any hort 


and also reason to belie, that 
small granules which assume a b 
color are granules associated with a 


called ‘*eonad-stim 


Finally, there is re 


mone which Is 


ing’ hormone 


to believe that other verv small gra 


POSIN color 


which assume a pink or 
closely associated with the hormone ‘ 
lactin 

If the colored vrai 


two kinds of 


just mentioned each contained Onl 
hormone the task of investigating 
of describing this subject would 


greatly simplified. Unfortunately, | 
the 


ext racted 


eranules are 


the cells 


ever, when blue 





solved or from 


which they lie we seem to obtain tv 
more somewhat different products, 

having an action upon the sex glands 
that gland. 1 


particular product whiel 


upon different parts of 


acts pol 


follicles of the ovary and the tubul 
the testes is known as ‘‘ follicle-stimu 
ine’? hormone (FSI while anot 
product which acts upon the horn 
secreting cells of ovary or testis Is « 

*lutemizinge’’ hormone (LI Still w 


for us all. our Cefinite knowledge of t 


two products if indeed they are 


wholly cdistinet tl Is complicate 


ives 


several thines On} one of which Wi 


here . It has been obse) 


considered 
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tain effects which can be pro Whe « s OL the othe 1 ) ( vl 
bv larger doses only of either fol or all evidence of complete t\ 
stimulating or of lutemizing hor These useful svnergisms of bor etl 
._ Can also be produced by extremely ITV Would De present 1 ! - 
te amounts of a mixture of the two and they would evider ty 1) toa 
neces In other words, when pres more automatic contro f the embers 
vether these two substances show or the svnel Zing pa were produced 
emarkable thing called *‘synergism”’ concurrent within tl . ry 
multiplication of effect—a property — pituitary c¢ 
will be met more than once in the 
t discussion il 
s likewise notable that the eosin some of the actions of thre evera 
«| granules of which we have spoken — pituitary hormones, and of p wtin 
ably do not represent prolactin alone particular, can be illustrated b eans 
dition, the product or extract ob of photographs or other graphs. Such 
el from these cells actually the Hlustrations wi considerab “assist an 
ets are from all of the pituitary understanding o a seri bodily 
perhaps includes ‘‘thyrotropin’’ changes which should now be exa ied 
hh has special power to make thy roid more clos \ lmportar 1 < ( tothe vel 
ds grow and work, and another sub- — eral functions of the pituitan and have 
‘‘adrenotropin,’’ which in like been obtained by the surgical r al o 
ner makes the adrenal gland (cortical the gvland, and the first operath oft this 
vrow and work. Ilere, too, among type were made in Europe more tha 
embers of this group of products, three decades ago. In more recent vears 
iin find those curious effects called and in several laboratories it was found 
ISIS Kor example, nn certain that when this operation 1 s usually 
es and circumstances it has been ob- — called hypophysecton s performed on 
el that prolactin and = thyrotropn real voung animals the results are very 
multiplied, rather than added, their — striking 
irate capacities to produce heat, and The three dogs of Fig. 1 are all from 
their separate abilities to produce’ the same litte The two small ones had 
erowth It is also probable that their pituitaries removed whi >» davs 
actin and adrenotropin form a svn old, and thev grew but little thereafter 
stie pair Tor inereasing the store of till this pl otograph was take ft mont 
oven and fat in the live late ()n the same da the pituital 
The writer has become so impressed the large ce Was exposed a t hed 
the number—and with the great but left in plac According to Dr. Kap 
onal importance—of svnergized re ran, of Kiev, Russia, who made tl 
us among the pituitary hormones and published this’ phot iph a vea 
n the above statement and for the avo, the doe subjected 1 t} ham’ 
time, he here ventures to use the operation rew as we us tter 
ved fact of svnergism between two mates which wet te at a 
tary products as evidence for then The smaller rat of the pa here 
from the same tvpe of pituitary was dep an I | pit 1 e} a) 
This venture is supported by sey davs old and when its weight ; 70 
nds of observations. We here note At the time this phot 
that it is well known that cells of 90 «la te ts welglt 7D 


Vpe may display all evidence ot 


rapid hormone prod 
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BODY ¢ 


RIG. 1 EEEFEOTS OF PITULTARY REMOVAL ON 
ol the photovrapl I hie pireon eratl it fa 
hown i? ttel ! ite il hie scribe thre 
pituitalr Tih miaihey ‘ is 1 ved a special 
22 dla before this photograp! is taken lt in 
and thoueh the feather t tl bird con on these 
tinued to @row its bod vervht 1 aimed striking chat 
practical inchaneged In 1 isc ¢ internal ore 
pirreo il eust t ha ly ! ! that thie t thre 
pore lactin ha i i! rhenn'e i ! thie vital iter 
hod ! ' i! iso to ( oral al 
ittai rnorita ‘ Ina mia ! ip! 





ROW 








































ceased to vrow, but 


WHLIOS 


ev were able to maintain their bods 


t following such ! 


i! yurs to some o 


tal organs Preceding our own 


son this subject it had been shown 


‘ral laboratories that the thyroid 


the sex glands, and the adrenals 


ts. dows and tadpoles are quickly ana 


damaged by the removal of then 


vlanads In pPimreonrs We 


vr pittitars 
| rine Hu so sults 


that the liver and inte 


than does the body in vweneral, am 
perhaps largely throug! 


mulation oO appetite especia 





first-found vita processes haat 
be assigned cdenhiite toy pone tit 
if the Tormation ob crop. | ! 
mul to the stimulation o mitt 

int mammals It was at tl 


; , ' , 
our knowledee of this” he 


ft was given the name protacth 
This hormone ‘ mjected ite 

s, even mmto verv voune ones, tl 
the crop-wall rapidly thicken and 
to secrete the so-called ‘milk?’ 


feedine 


rearing 


parent 
ther 


pizeons Use In 
young. In Fie. 2 one 
the curious facet that not all of the 


wall can be thickened and activated 


rolactin bit two lateral 
Hes In the 


be seen that the 


only the 


segments of Fie, 2 


other 
nom-secrel 


mature 


anar: evland cells of the rabbit 


are shown at the extreme left 


vw made to secrete milk followine the 


fion of prolactin ; this Is midicates 


the enlarged, hazy, milk-filled 


fivure 


hormones 
et than prola 


ute those prepared cells to proceed 


thre ecretion OT milk "| ‘ Lprane iT 
wtin to stimulate mill secrertlo 

! obser ec It) itl Dried lribelais 1! 
won Other investigators have 
btainmed evidence that — the 

i inddsS Supp omethings that 
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rather 


al ‘ t | ! | if 
% i! ? | ; 
l ‘ ! i 
ol ile pore 1 1 
Separate i 
ernute ‘ t) 
) 
a! ( ( ‘ 
W hie ‘ tive 
iti ] 





PIPULTPARY GLAND 10] 


! ist a prot , tha 
milk se nh oma 7 
Later studi ule with el 
asscn ites have ~ Vi Thintl } tit is 
ST ott bCTIOUS \ | il 
resp } wl ‘ Té plienes 
than the tw est te 
yUSt describe \ e} , ‘ le 
spre iil j Ti pp " | " 
trated Db the effect t} eo oO 


7 Tie ; ) | | me 
1} } | 1) } i ! ! heel 
piereoy miat SO ( } { 
cen | } ( tive } 1! 
i Tha i 
Mi ‘ | } 
itt ! | 
fhe ] j { tet 
nite. ) pore | \\ 
ve Kl | | ( ] 1) 
1} ~ NT ( 1) 1) 1) 
some reo (> SUNT | | | ‘ 
tl ! winerea i i }) l eit 
wirena e esp ! ( 
| l Irate i part 1} tio) 
IST clescribe But 1 ‘ i 
deals witl i lait ! ! 
netior pl evil I ‘ 


obse! 1 el ‘ ! i il 
ef] basal metab biel 
nares } i! They pil 1 } rie 
It was f | now that tl 1 

1 ove ‘ bhery } i ' 
protacth ( ! Cu tI ’ 
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combination caused a much greater in tropin would induce some or mucel 


crease in the basal metabolism Thus tional growth in these individuals 


prolactin ana this rotropimn have been ob- still creater interest was the obser 
served to show a svnergisti¢ action on the that concurrent administration of n 
basal metabolic rate of these animals amounts of the two hormones results 
Inthe light of what has just been noted marked synergism of the growth resp 
concerning a synergism of protactin and in these animals It has become 


thyrotropin on heat production, and in that prolactin shares in the promot 
view of the debated problem of the means bodily growth in at least such anima 


by which the pituitary gland contributes doves, pigeons and dwarf mice 


PIGEON = MAMMARY OF RABBITS 
CROP GLANDS 





PROLACTIN NORM. PROLAC. FSH. + 


Fits SHOWING THI ACTION OF PROLACTIN ON CROP-SACS AND ON 
MAMMARY GLAND 
\ ) PRO \ oO} PIGEO ’ 0 
PA | OF tI ) ( BR } p's oO } 0 
} i) ‘ 4) i ) 
\ a) 0 \ » | oO I 0 
4 > ) oO} oO j ) ) ri 


SO ereatly TO the processes ol bodily At the moment if is not possible 


erowth, it is necessary to consider the — state the extent to which prolactin aff 


action of these same hormones on growth the disposition of sugar and carbohyvdra 
in the dwarf mouse. By selecting from — in the body ; some investigators think t] 
groups of these peculiar dwarts only indi- pure prolactin does not possess an act 

viduals proved incapable of further of this kind. For several years it | 
erowth when left without treatment it been known that some product or pr 


was found that either prolactin or thyro- ucts of the anterior pituitary tends 
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»amount of si 


blood 


ivar In the 


st animals; and evervone knows 


der certain conditions the blood 


Ian Increases” vreatls 7 
the kidnevs excrete it, and a 
KhOWD) as 


bee 


ana 


involved 


There has 
ISCLISSLON 


(il 


more 


stil 
Ss 1S established 
ere much 


new 1s 


ation directed to a determination 


particular anterior pituitary ho 


r hormones responsible for this 
suvar-raisine and ** diabetogenic’ U 
purposes ol this communication 
despite uncertainties surround 
subject, a brief statement of om 
vlies on this question The abil 
the several available types of rela 
purified hormones to Increase the 
of sugar in the blood of fasti 
s. rats, doves and pigeons has beet 
d. Of the various hormones used 
has most consistently mnereased 
I ntent ol the blood vlvceM i 
~ mimals except rats thouel 
ases are moderate In an it 
onl 10 to 40 per cent I) 
su }) al Cll j Ol 
Ss wl absent during the firs 
rs, and under da dosac 
~~ r necereases ! it feast Oo Cavs 
SIS accompanied by ah iereased 
elycogen and fat in the rapidh 
ers of these animals The 
Fie, 4 show that a sn e my a 
highly purified prolactin causes z 
fasting rabbits a slow and fan \ = 
(| inerease in the suear f the ‘ 
The fact that the increase does 
its | eht within an hour « 
nd does not quickly cdisappeat 
» exclude the possibility that this 
Vas produced by traces OT pos ( 
be hormones instead of by pr 
notropin, which can not now be 
d free from prolactin, has usually 
to give an Indication of a similar — e 


action On the hiood Suvar 





AN TER 


ability, of prola 
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Prolact.(i mg) 380 H 


> ‘ my 
3.8} Thyr. * (0.8 mg), 195 


at 30°C. 


Prolact.(2mg) 380 H 
8 
Tyr ome,” 


2 
Mare Serum (FSH) Q2 cx 








30h 
ae Synergism of Prolactin 
Thyrotropic Hormones 
on 
B.M.R. of Doves 
26+ amiatiati seen 
DAYS INJECTEI 
= oe j 
1 2 3 4 5 ¢ 
7. 
~* , ” 
GLYCEMIA IN F MONT 
NE W f ALANE f is MAI k KK 
After single t f 
t a + r ; 
I rl il i I , rT 
ms tl hh it eS Ss f rhe 
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DECREASE ano INCREASE oF MATURE 
TWO ANTERIOR 


EFFECTED By 
ha 


- 200 


b- 150 


PROLACTIN 
i 25 DOSAGE 


GRAMS 





! 2 3h 4 
MILLIGRAMS PER DAY 


the liver It seems clear that thy rotropimn 


and vonad-stimulatinge hormones do not 


have glveemie and elycogen-storing 
effects 


although a 


sinilar to those of prolactin 


very few preparations which 
were rich in these hormones and quite 
free from prolactin have also shown 
marked power to increase the blood sugar 
These 


nevertheless suggest 


exceptional results 
that 


pituitary product is directly or indirectly, 


ol pigeons, 


more than one 


concerned in increasing the quantity of 
Whole or 


pituitars 


in the blood undivided 


sugar 


extracts of anterior ana 


doubtless containing all the hormones of 


this gland—have usually elevated the 
blood sugar to a somewhat greater extent 
than does prolactin alone. It is there 
fore probable that more than one 


pituitary hormone shares in this ability 


to increase the blood sugar, and it Is even 
possible that this increase Is a s\ nergized 
effect or 


purest 


Clearly, however, our 


response 
preparations of prolactin have 


rab 


blood sugar ot 


power to mnerease the 
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TESTES ofr RING DOVES 
LOBE HORMONES 





! 2 2 5 1o 
MILLIGRAMS PER DAY 


oO ‘ 
FF | OUG!I \ oO 

' , ) ry 

iH ( 4 + oO 

bits, doves and pigeons It is a sin 


fact that neither prolactin nor a mixt 
of all anterior pituitary hormones se 
able to cause similar increases in the b 
sugar of fasting normal rats 

We next consider an action of prola 
that 
among other pituitary 


relates To the 


has no definitely known para 
hormones.  T 
marked peculiarity 
served power of an excess of prolact 
when injected into the blood of an anin 
wholly 


to decrease or in some cases 


eliminate—the output of follicle-stir 
KSH by the 
animal. When 
thus shuts off an animal’s current sup 
of FSH. it of 


though indirectly for 


hormone 


this 


lating 
cells ot 


pituiti 


prola 


course become S respons [ 


a decreased 


tivity and temporary atrophy ol 
reproductive svstem of this animal 


st 


this performance we again meet an a 
Wi lespread 


Moreoy er. 1 
broa 


ot prolactin which is of 
fluence in the organism 
action contributes directly to a 


theme of this address since we here se¢ 
































another part Of an automatic 
ism, resident in the pituitary 
through which periods of hig! 
n and reproductive activity are 
priately alternated with phases of 
tivits 
Fie. 5 the relative heights of the 
bars at the right show that the 
ands of normal adult male birds 
ckly become of supernormal size 
size being indicated by the height 
central column—it for 7 to 10 days 


H 1\ adds some KNIT] TO their h ood 


; ; 


found that the more of this 


IS 
me that is added the greater is the 
sof weight attained by their testes 
other hand, when prolactin Is 

to the blood of such birds their 
quickly diminish in size; and in 
der very high dosage of prolactin 
und that the testes of these birds 
ish in size almost to the point of 
pearance, Precisely similar effects 


ovaries of pigeons and fowl in 


; 
atiene 
$ 
+ 
+ 
* 
{ Killed 
« a 
eww aon a a are ar 
4 
c 
+ 
$ 
x 
i y 
i 
d 
4 
NTR PERIOL Pr TON , Per 
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these two hormones We 
cussion of the somewha 


ments which prove that tl 


lactin is accomplished thro 


to stop the prod tion 
mie hormone nh the anni 
tar 


just deseribed has bee 
female rats Ie 6 si 
1th ye ns a Teel 

cles mature ( 
Varies such rats ustla 
}) nT } Ther activil 
about 5 days. High a 
tl is ¢ i weTiVvit\ ire 
In the short :. 
pon tS Of OVA nT ; 
known Tf reflect ¢ thio | 
output or bb an ae i} 
FSH from the pituitaries 
lo severa reinaie rats 
rt lial i ! eX 

NF 

e 

5 5 ny 
—— ‘ 


FIG. 6 THE ACTION OF PROLACTIN ON THI IEAT CYCLES (¢ 


ORMAL HEA cye OF O MA’ Et MIA 


0 


ITARY GLAND 


10D 
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viven daily, beginning at the point where testes in male rats Though these 

the black vertical line crosses the record — ditions in mammals require further st 

Linmediately after begin it seems clear and certain that in bin 

is not both sexes prolactin, not LIL, is re 

able that two or more le next succeed sible for the large amount of anti-e 
ing points of high ovarian activity were — action observed by us 


absent At the constant level of prolactin 


dosave used in our tests ovarian activity of prolactin to shut off the supp 
FSH can be observed in a rapid decr 


Still a third consequence of this ab 


Was occasionally resumed; but other in 
vestigators who have used mice in similar of blood calcium in actively reprod 
tests have shown that by raising the level female birds (and practically in this t 
of animal only Though this comp 
story can not be told here its outlines 
be quickly stated In periods ot eve 
duction the blood of a bird has doubl 
usual amounts of caletum: and this « 
calcium results from the ecireumst 
that the egonad-stimulatine horn 
Which stimulates her ovar\ 
eges likewise induces her ovary 
duce extraordinary amounts of the 
hormone ‘‘estrin.’’ This estrin acts 
her parathy roid glands and these 
In turn produce more of their horme 
a hormone which mobilizes calelu 
her bones or from other sources 
prolactin. can stop. this 
events at its source through 
to check the release of ESI] 
bird’s own pituitary gland 
We eas thererore conclude oul 
amination of three different conseque 
rile INITIATION OF BROOD 
INESS IN) FOWL 


ti) 


of an anti-gonad action of prolas 
ability to restrict output of FST 
the observation that, under certa 
stricted conditions, this hormone has b 
found capable of lowerme the cealer 
the blood: and, the amount or level of 
blood calcium is already known to 
significance im several vital proces 
these occasional re though its full importance is prob 


sumptions of ovarian activity can also be not vet known 
suppressed. It should now be emphasized At this point we should consider 


that others have supplied evidence that role of prolactin in the phenomena 


the luteinizine hormone (LIE), rather  broodiness and maternal behavior 


animals These phenomena are 


than prolactin, is responsible for the sup 


pression ol these ovarian CVEleS mm rats eourse psvchical rather than physica 


and mice. Again, we have found that they involve responses of the brain. I 


prolactin does not produce atrophy of the probable that the ability of prolactin 
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broodiness and maternal behavior 
irt related to the already described 

ad action of this hormone: this 

tv is better supported by the evi 

rom birds than by that obtained 
ammals. Though the precise way 

h prolaciin thus assists in build 
element of Gonsciousness is essen 

inknown, It seems to have been 
shed as a fact that this pituitary 

e cooperates With nervous or brain 

he building of a mental state begun 

ntallv, this relationship between a Ing eve 
response 


e and an element of consciousness 


pated in the modern view of the mones othe 


the mind. Nowadays, mind is — capacity 
as a thine apart it 1S ** bods Moderate o1 
| other heey} 


‘that builds and conserves the phe th 


a of mind luteum horn 


hen which in Fie. 7 seems so full iIneffecti 


doves | 


ponsibilities was care-free and 


MITOSES IN THE CROP-WALL OF PIGEONS IN RELATION 


AR AR S 
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ACTION OF PROLACTIN AND OF COMBINED AP HORMONES 
ON SIZE OF LIVER AND PANCREAS 
Groups of 7-10 hypophysectomized pigeons injected for 10 days) 





DOSAGE UNITS LIVER PANCREAS 


OF , 
USED PROLACTIN WEIGHT WEIGHT 


———__+4 


GRAMS 
1K 20 
geeeerrea 











can initiate broody behavior in females — rate of cell division in the crop wa 
with active ovaries, also in mature males, — be observed as early as 20 to 30 min 
though probably not in very voung males. later. Dividing cells of the erop-wa 
From another angle this same question large cells each with a large central b 
was studied in the pigeon. It is well body—the nucleus. Using the drug 


known that the behavior of pigeons  chicine to make each cell division 
changes markedly at or immediately after evident, one finds (in the upper left 
the time their eges are laid. They may ment of the figure) few or no cell 
have been quite wild before, but now the sions in the crop-sacs of birds exan 
brooding bird permits human approach on the day on which the first of their 
and the handling of eggs beneath its eggs was laid; at that time few cel! 
breast. Since the crop-sacs of a pigeon sions occur and the birds are not 
provide the best and surest test for any  broody. The two photographs at | 
slight increase in the amount of prolactin right and lower left are from crop 
circulating in its blood it was highly im taken 48 hours later—and only a 
portant to learn whether the onset of in hours after these birds had beeun 
cubation in these birds is or is not accom-  cubate their eggs. In these cases 
panied by the release of prolactin as this finds definitely larger numbers of 
would be shown by a resulting increase divisions, and this shows that mor 
of cell divisions in their crop-sacs lactin was then being produced tha 
The main result of this inquiry can be — the non-broody period just preceding ¢ 
observed in Fig. 8. It had first been laying. The photo at the lower 1 
learned that when we ourselves inject shows conditions in tissues taken aft 


prolactin into a bird an increase in the further period of 5 days—with cells 
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to divide while broodiness also — besides prola 
LCS This crucial evidence there notably proge 
dicates that the normal, wholly mone (testosteror 
broodiness of pigeons is accom even carbolic a 


| by an increased production of the — this behavior in 1 


e prolactin And this result found that bot! 


dramatically strengthens the basis females, and castrate males and 
‘conclusion that prolactin normally tend to respond or to fail to respor 

an essential part in the develop- — particular hormone in about the 
of the broody instinct in birds wal Again, on a percentage basis pre 
action of prolactin and of many  lactin heads the list of hormones 
hormones on the maternal behavior — substances capable of developir 

ing rats has been studied in a series — ternal or parental instinct, and 

re than 1500 tests Those studies sible that those other substar 

it clear that certain hormones, par exert positive effects do so i 


l 


rly FSH and estrin (and prolan causing the release of prolact 
actually reduce or prevent the ex rat’s own pituitary. This and s 
tion of maternal behavior in these challenging questions cor 
rats. llowever, it is found that subject can m 


PIGEON PIGEON 
A 


AN 


Pro ‘ith fii" 
LACTIN TREATED ,||\ UNTREATED PROLACTIN TREATED /\|\ UNTREATED 
(CERTAIN ORGAKS s (RePRooUcTrvE ORGANS 6 e 
| * 
EX LARGED) REDUCED) \ Anrenion 
\ : c 
, «© o—+— Pirurtary 


\ 





x 


aa 
C 


/ 
! 
/ 
/ 
/ 
/ 
—~ / 
~ }} 
/ 


Ji 


+ Oviouct 





j 





rHE GROSS STRUCTURAL CHANGES 
BY PROLACTIN 








THE SCLENTIFIC 


MONTHLY 


SCHEMATIC REPRESENTATION OF HORMONAL CONTROL 


OF REPRODUCTION 


ANTERIOR PIT 

Thyr tr pi 

LW and Follicle stimulating 
Prolactin-- 


JITARY 


IN THE FEMALE 


(HUMAN AND MAMMA 


POSTERIOR PITUITARY 
Intermedin 
--@ -hypophyamine 
~---a-hypophyamine 





* Progestin 


HORMONAL RELATIONSHIPS 


AND 


INTERRELATIONSHIPS INVOI 


IN A COMPLEX MECHANISM 


at present and the entire problem is still 
under active study 

The story of what prolactin does in the 
body 


animal will perhaps long remain 


incomplete; but at present a very signifi 
cant part of that story seems to be sug 
known fact that in 


vested 1 the now 


pigeons prolactin promotes bodily growth 
and growth in some important organs 

Oreaus mien associated with the diges 
1y\ the length 
that in 
prolactin 


Kiev, 9 shows 
black 


pittutaries 


tive system 
of the 


deprived of 


ribbons ot birds 


their 


specifically promotes rapid growth in the 
a 10-day 


through Increased appe 


liver during period; and, per 


haps maireectly 


tite and food intake after pituitary re 


also sustains or over-sustalns 


moval it 


the (intestine and) pancreas. The graph 
Indicates too that prolactin admixed with 


(ADR 


enlarge the 


adrenotropin has probably no 


vreater power to liver and 


sustain the intestine and panereas than 


has prolactin alone. In each ot » tri 
partite blocks the lower ribbon represents 


the amount of growth obtaimed when pre 


sumably all anterior pitultary 
hormones, including prolactin, were 
tovether. The obt; 


with this mixture sugeest that somet! 


jected results 
in addition to prolactin was present 
assisted growth, particularly that 
pahnereas, 

While considering this rapid 
of the 
potent 


liver in 


pigeons as a resi 
prolactin treatment its WwW 
may be doubled in 5 days—it shou 
noted that this growth is aecompant 
eranules of fat 


the deposit of many 


the liver cells. Moreover, it seems 
when adrenotropin is added to the 
lactin this deposit of fat in the Ih 
notably increased. On the other har 
mixture of thyrotropin and FSI us 


to cause 


Practica 


seems to have no ability 


cells 


accumulate in liver 


that has just been said concerni 


| 


hormonal control ol the deposit ) 


these liver cells would also apply 1 


dleposit ol the carbohydrate, cy Veo 
these same cells 


The removal of the pituitary 
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irve number ol pireons Has hee tl 
| to result ina great loss of appetite 
a marked diminution in the leneth 
empty weight of the bird’s intestine 


wever. one begins the Injection © 


ctin into these birds immediately, 


; 


ving pituitary removal their loss o 
te and the atrophy of their intes 
are wholly prevented Indeed, 

tite is Increased bevond normal, the — pituitary 

tines Increase in weight and leneth, hormone 

the bird itself grows instead of losing mary impe 
weight. Thyrotropin and FSIL — responsib 
no comparable or similar effect upon erowtl 


ite, Intestine, or body growth Un testis 


lel pituitary extracts, containing — lation 
vtin and all other pituitary” hor estrin 
es, usually seem to support those se) estrin 
structures and processes somewhat here cred 
r than does the purified prolactin the ut 
though t 
he diagrams of Fig. 10 supply a pi vran 
of some of the structural chanves some 
ted in the bodies of pigeons by a lew on the 


tions of prolactin In the pair ol latter to 


figures at the left the organs which nm turn 

either stimulated to growth or have the blood Notable 
r size markedly sustained by prola that estrin shares 
are indicated by stippling. These — particular 
ral organs are essentially parts of the behavior 
entary system and include the crop 

the intestine, the liver and the pan are 

‘ The size or weight of the bods “us report tl 

hole is increased In the pigee 

eh not in le rat, prolactin is thus 

to be doing just about those thines stimu 

h a ‘‘growth’’ hormone might be elanad 
ected to do means 

he two half-figures at the righ ‘piel tensit 

ves in the reproductive system of the And aga 
actin-injected bird after this ho hel 


cuts off the current supply of FSI] 


the bird’s own) pituitary If if 
possible to do so the pituitary of this 
ted half should be represent: 
ng been affected. The greatly din 
the ovary and oviduct of the 
half are shown without exaveve) 
»devree of their divergence 


former normal state 
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creased estrin production 


acts upon the uterus—inducing there 
such changes in its lining wall as will 
enable it to attract and anchor a fertil 


ized egy 


completion of growth in the mammary 
vland 

Evidence already considered here has 
indicated that in certain cases prolactin 
is able to check or halt the production of 
vonad-stimulating hormone. Such eveli- 


cal interruptions of output of this hor 
mone by prolactin would of course bring 
evelical depressions of estrin production 
by the ovary. Our own view concerning 
the next very complicated phase of this 
story is that for a longer or shorter period 
progesterone will continue to be secreted 
under the same conditions which inter- 
rupt and restrict the ovary’s production 
It must be further noted, how- 
that 


hormone either shares or as 


of estrin 
that 
lutemizing 


ever, there is much evidence 


sumes full responsibility for a sustained 
production of progesterone in the ovary. 
The role of prolactin in stimulating the 
prepared mammary gland to milk secre 
tion is here indicated. Estrin and pro 
vesterone were required to develop. the 
mammary tissue; and, for the initiation 
or maintenance of milk secretion by this 
tissue—or perhaps for the adequate sup 
ply of precursors of milk in the blood 


of the 


it is probable that the cortex 

adrenal gland supplies a further neces- 
sary product Kinally, it is here indi 
cated that a posterior lobe hormone, 


which has most extraordinary power to 


cause uterine muscle to contract, may 
share in the task of completely emptying 
the uterus at birth 


II] 
The quite modern elucidation of 
the 


the 


endocrine control of nis sterious 
reproduction constitutes 
that 


his own ex 


mechanisms of 
the 
has learned concerning 
These hights 


one of most significant thines 


hah 


iIstence complicated and 
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Provesterone 


and it probably also assists the 





MONTHLY 


closely interrelated mechanisms 


seemed rather obviously  bevon 
range of control by nerves and | 
They are so eminently adapt - 
nature, they involve such cycles of of 
ing adjustment in the individual life fe? 
they are so basic to the perpetuatir hs 
the species, that some biologists and able 
others have been tempted to suppose aid 
though naturalism rules in many ‘ 
partments of the living world, pre a 
here is a sphere for vitalism—for ; 
unevolved or supernatural force ui 
foundations for such conjectures 7 
been shaken and dislodged by hard eae 
disclosures of the laboratories by we 
patient uncovering of a hormonal | e 
for interconnected mechanisms Ww posal 
hitherto seemed complicated beyond — 
comprehension a 
Very lmpressive TOO is the fact that be 
later, fuller growth of the bodies r 
higher animals and man is unde nes 
primary control of the anterior pituit - 
gland. It has been observed that we 
lactin and thyrotropin synergize b at 
resul 


Very in 


tant in this general question is the ol 


erowth in the dwarf mouse 


vation that prolactin alone seems to | 


proved itself capable of causing 


vrowth, along with increased appetit more 
pigeons and doves; also that, in vlant 
species, the use of thyrotropin, free t brai 
prolactin not only does not make for a 
erow but usually results in rather mat prod 
loss of body weight. Again, it is evir regu 


that gonad-stimulating hormone dir 
induces growth in the sex glands; 
rectly, through the hormones of the 
lands, it causes further growth thro 
out the reproductive system, modifies 
characters generally 


ondary sex 


probably atfects still other bodily 


| 


tions. These and other facts lead 

the view that most or all of the pro 
of the anterior pituitary promote bo 
but 


and this largely thr 


erowth not only loeally In one 


another species 


their ability to rouse appetite and to 
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vital organs such as thyroids, adrenals, 
pancreas, liver and intestines in favorable 
functional states. Personally I am also 
mpressed with evidence that a particular 
hormone or combination of hormones that 
s most favorable to body growth in one 
species is not the combination most favor- 
able to body growth in another species or 
perhaps in another individual. In short, 
to us it seems that the growth response to 


, particular hormone is also modified or 


mited by a constitutional factor. These 
views, however, are contrary to hitherto 


terior pituitary with the production of a 


prevailing opinion which credits the an- 


‘ 


single specific ‘‘growth’’ hormone capa- 
ble of promoting and prolonging bodily 
Whatever the outcome of the 


still unsolved problems concerning the 


erowth. 


precise Way or ways in which the pitui- 
tary guides and controls our growth it 
has already been made clear that in some 
animals prolactin does promote, and in 
ther species thus far tested it does not 
equally promote, the important processes 
resulting in bodily growth. 


IV 


But this discussion ends. In rather 
more than one sense the anterior pituitary 
gland is a close and warm associate of the 
brain. It too is General Headquarters 
for a diversified system of structures and 
products dedicated to the great task of 
regulating and integrating many compli- 
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cated processes of the living body. From 
its site there at the very base of the brain 
it releases to the blood at least three hor- 
mones which the 
known story of what the single product 


are essential to now 


does. First, gonad-stimulat 


prolactin 


ing hormone which supplies driving 
power to the growth and functioning of 
the reproductive system ; albeit this prod 
uct of the basophilic cells can sometimes 
be stopped or frozen at its source by 
product of neighboring 
eosinophilic cells. With the 


this particular effect of prolactin one 


prolactin a 


; 


onset of} 


may figuratively say that from this small 
island at the base of the brain the chill of 
atrophy and inaction spreads to the re 
productive organs throughout the body 
Second, from this bit of pituitary tissue 
there is also formed thyrotropin which, in 
certain cases at least, reinforces and syn 
ergizes the action of prolactin on such 
processes as heat production and bodily 
growth. Third, prolactin. To the touch 
of prolactin itself one further observes 
that such organs as liver, intestine, crop- 
sac and mammary gland quickly respond 
by growth or 
though several hormones may 


by secretion: also that, 
influence 
the disposit ion of protein, sugar, ely cogen 
and fat, prolactin is probably one of these 
effective agents ; and finally that this hor 
mone shares in building the broody or 
maternal instinet—thus forming one link 
of a chain that binds body and brain 


together. 





WHAT IS GRAVITATION?’ 


By Dr. PAUL R. HEYL 


PHYSICIST, NATIONAL 


Let it be said at the outset that it is no 
more possible to-day to answer the ques- 
tion ‘‘What is gravitation?’’ than it is 
possible to answer the similar question, 
‘*What is electricity ?’’ Nevertheless, it 
may be interesting and profitable to set 
forth what is known about this mys- 
terious and omnipresent force and to 
review some of the many attempts that 
have been made to explain it. 

A scientific hypothesis, to be acceptable, 
must take account of both positive and 
negative evidence relating to the phe- 
nomenon which it attempts to explain; 
that is, the hypothesis must not only ac- 
count for everything which is observed 
to take place, but must also be careful 
not to indicate the presence of anything 
which is known to be absent. The lat- 
ter task is the more difficult of the two, 
and since in the case of gravitation there 
is much more negative than positive evi- 
dence the explanation of this phenome- 
non is particularly difficult. 

What are the known facts about gravi- 
tation ? 

First, as to the mathematical law 
which gravitation follows. In common 
with other phenomena in three-dimen- 
sional space (light, sound, radiant heat, 
electrical and magnetic forces) the in- 
tensity of gravitation varies inversely as 
the square of the distance. Since this 
law is common to so many different phe- 
nomena it can not be regarded as charac- 
teristic of any, and is not likely to afford 
a clew to their different natures. As is 
easily seen to be the case in sound, so 
with the others; the inverse square law 


1 Publication approved by the director of the 
National Bureau of Standards of the U. S. De 


partment of Commerce. 


BUREAU OF STANDARDS 


must be regarded merely as the expr 
sion of the geometrical fact that the a 
of a sphere IS proportional to the squ 
of its radius. 

The best evidence for this law 
astronomical, because of the great leng 
of time available for cumulative obser 
tion. A very small departure from t! 
law would make itself evident in 
motion of the planets after a century 
two, and yet only once since Newt 
stated this law has its aceuracy b 
seriously quest ioned. 

In 1845 Leverrier called attention 1 
the fact that the planet Mercury show 
a slight irregularity in its motion 
consistent with the law of inverse squar 
and too large to be explained as an er! 
of observation. This discrepancy has 
been confirmed by later observations, ar 
the seriousness with which it has b 
generally regarded is shown by the at 
tempts that have been made to explai! 
on the basis of Newton’s law. 

All such attempts were failures. It 
is true that the assumption of a belt 
diffuse attracting matter surrounding t 
sun equatorially might account for tl 
irregularity on the part of Mercury, but 
such matter, in quantity sufficient 
produce this effect, would undoubtedly | 
visible. 

All such attempts having failed, t) 
radical proposal was made to alt 
slightly the Newtonian law by changing 
the exponent 2 to 2.000,000,1612. T 
suggestion was made by Asaph Hal 
the discoverer of the satellites of Ma 
and for a time it received the favorab! 
consideration of no less an authority t! 

2 Astronomical Journal, 14, 1894-95, pp. 
51. 
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Neweomb, who abandoned it only after 
E. W. Brown*® showed that the motion of 
the moon would not allow of even this 
slight departure from the whole number 
2. The anomalous motion of Mercury 
thus remained an unexplained puzzle. 
For small distances between the at- 
tracting bodies, laboratory experiments 
the 


inverse square law holds good for dis- 


with the torsion balance show that 


tances as small as ten or fifteen centi- 
meters. The precision of such work is 
at present about one part in 3000. 

The acceleration caused by gravity is 
the same for all bodies. Newton,* by ex- 
periments with pendulums of equal 
length but with different ma- 
terials found the time of swing constant 
Bassel° ear- 


bobs of 


to about one part in 1000. 
ried the precision of this experiment to 
one part in 60,000 without finding any 
positive result. It is worthy of note that 
among the substances tested by Bessel 
were meteoric iron and meteoric stone. 

The most precise work of this character 
s that of Edtvés* and his collaborators, 
who by an ingenious modification of the 
torsion balance succeeded in pushing the 
precision to six parts in a billion(10*). 
The substances tested by them form a con- 
siderable list, including copper sulphate 
both in the solid state and in solution, 
thus furnishing evidence as to change of 
They also tested a mixture of sub- 
stances before and after a chemical reac- 
tion had taken place between them, and 
in addition worked with radioactive 
material. The results were negative in 


all 
all cases, 


State. 


The question of a possible effect of tem- 
perature on gravitation was investigated 
by P. E. Shaw.’ He at first believed that 


Encye. Brit., XI edition, article ‘‘Gravita 


‘ Principia, Book ITI, Prop. VI. 


innalen der Physik und Chemie, 25-26, 
1832, pp. 401-411. 
6 Eétvés, Pekar and Fekete, Annalen der 
Physik, 68, 1922, pp. 11-66. 
Shaw, Nature, Apr. 8, 1922, p. 462. Proc. 
Roy. Soc., 102, Oct. 6, 1922, p. 46. 
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he had obtained a small positive result, 
which he later found to be due 
His final 
that gravitation is independent of tem- 


TO exper! 


mental error conclusion was 


perature to two parts in a million per 
degree Centigrade 


Astronomical evidence on this point is 


furnished by certain short period comets 
As these bodies approach the sun they 
must 
and if this has any effect on 


arise considerably in temperature, 
gravitation 
1 consider 


their orbits should be altere« 


ably. But since these comets return time 
after time with no displacement other 
the influ 


ence of the planets near which they pass, 


than can be accounted for by 


the temperature effect must be non-exis 
tent. 
perature in such cases, many times that 


Because of the great rise of tem 
which can be applied in laboratory ex 
periments of this character, the precision 
of this result must exceed that obtained 


by Shaw 


The possibility that eryst ils of the 
non-isotropie Systems might exhibit 
gravitational anisotropy has not gone 


In the early days of the 
Standards the sug 


unrecognized. 
National 
gestion was made that the fundamental 
mass should be 
Stratton, the Bureau’s first 


director, made weighings of quartz erys 


Bureau of 
standards of made of 
quartz. Dr 


tals in different positions, with negative 
results. This work was never published 
Other investigators,* working with quartz 
and calcite, obtained negative results 
also. 

About fourteen years ago this question 
the National 


Bureau of Standards,® using large erys- 


was taken up again at 


tals of the order of lke. and representing 


all the five non-isotropic systems. A 
precision of one part in a billion (10° 
was reached, and the results were nega 
tive. 

Macken Ph } 189 ] 
I nting and Gr P) 1 R S \ 
192, 1899, p. 245 

Heyl, S fi Paper } J 1u f 
Standards, v on i8 Fel 6, 1924 
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Dr. Louis A. Bauer, of the Department 
of Terrestrial Magnetism of the Carnegie 
Institution of Washington, weighed 
pieces of steel in a magnetized and an un- 
magnetized condition with negative re- 
sults. This work was not published. 

The question of a finite speed of travel 
of gravitative action was discussed by 
the astronomers of the early nineteenth 
century, and the conclusion was reached 
that because of the absence of any per- 
ceptible aberration of gravitation its 
speed of travel, if not infinite, must be 
many times that of light. There is, how- 
ever, a tradition that Laplace once started 
to read a paper on this subject before 
the French Academy, but after a few 
sentences stopped, put the paper in his 
pocket, and saying, ‘‘I must consider 
this farther,’’ left the platform. He 
probably saw what should have been seen 
before, that gravitation is not a one-way 
proposition like light. The earth attracts 
the sun just as strongly as the sun at- 
tracts the earth, and no definite direction 
can be assigned to the propagation of 
gravitational action. 

But the most characteristic (and possi- 
bly the most significant) thing about 
gravitation is the absence of any screen- 
ing effect. Many bodies are partially or 
wholly opaque to light, heat or sound; 
electric or magnetic forces may be greatly 
reduced or cut off entirely by interpos- 
ing a suitable screen, but there is no 
known screen for gravitation. This can 
mean only that gravitation, unlike the 
other phenomena mentioned, is not de 
pendent upon the nature of the interven 
ing medium. In this respect gravitation 
stands apart from all other physical phe- 
nomena save one only, and this one, as 
we shall see, furnished Einstein with a 
starting point for his theory of gravita- 
tion. 

Laboratory work on this point has 
been carried out, that which has attracted 
the most attention being that of Major- 


ana.’® He reported a small positive re- 
sult which, however, seemed to grow less 
at every repetition of his experiment. 
So great are the practical difficulties of 
such work that a result of the order of 
magnitude reported by Majorana might 
easily be accounted for by experimental 
error. 

The best evidence for the absence of 
gravitational screening is astronomical, 
and because of the large scale of the phe 
nomena involved and the length of tim 
available for cumulative observation the 
precision of such evidence is high. For 
example, one may use the whole eart! 
as a screen and consider what would hap 
pen at every eclipse of the moon if there 
were any gravitational screening. If 
at such times the solar attraction on the 
moon should be cut off by an amount as 
small as that reported by Majorana, the 
moon would recede slightly from the 
earth, and this effect would become ey 
dent in a few years. 

If it be argued that the gravitational 
shadow of the earth may not reach as fa 
as the light shadow, we may consider the 
evidence furnished by the tides. The 
attraction of the moon produces a tide on 
the side of the earth opposite to the moon 
as well as on the side facing it, and it has 
been shown by Russell"? that an absorp 
tion of one five-thousandth of that an 
nounced by Majerana would show itsel! 
as a perceptible irregularity in the tides 

In this case we have also the evidence 
of astronomical clocks. Some years ago 
the Lick Observatory claimed to have 
found a small difference in the rates of 
their clocks as between noon and mid- 
night. The reeords of the U. S. Naval 
Observatory do not confirm this, results 
over a period of fifteen years showing no 

10 Majorana, Atti della Reale Accademia di 
Lincei, 28, 1919, pp. 160, 221, 313, 416, 480 
29, 1920, pp. 23, 90, 163, 235. Phil. Mag., 39 
1920, p. 488. 

11 Russell, Astrophysical Journal, 54, 1921, p 
334. Eddington, ibid, 56, 1922, p. 71. 
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effect as great as one tenth as that claimed 
by the Lick astronomers. 
of the Naval Observatory results would 
limit gravitational absorption to about 
one hundredth of the amount claimed by 
We may therefore conclude 
in the 


The precision 


Majorana. 
that there is no substance on or 
earth in quantity sufficient to exercise 
any gravitational screening. 

We may now appreciate with what an 
intractable phenomenon we have to deal. 
Gravitation appears to be a function of 
but the 


their space coordinates. 


involved and 
As to all other 
properties, the evidence is negative, in 


nothing masses 


most cases of a high degree of precision, 
The 


cause of gravitation is hidden in a pro- 


reaching a few parts in a billion. 


tective armor on which there is not even 
a projection upon which to hang a hy- 
Yet 
guesses at a possible cause, and it may be 
f interest to review some of these briefly. 


pothesis. there have been many 


The earliest of these speculations that 
can be ascribed to any definite authority 
s that of Aristotle. 
content to explain the falling of bodies by 


This philosopher was 


ascribing to them a property of ‘‘heavi 
that 
smoke and other vapors rose rather than 
fell he 
‘‘lightness,’’ thus dividing all bodies into 


and because he observed 


ness 


ascribed to them a property of 
two classes with a sharp line of distinc- 
The that the 


rising of smoke in air might be a parallel 


tion between them. idea 
case to the rising of wood in water appar- 
ently never occurred to him. 

So great was the influence of Aristotle 
upon human thought that this particular 
error lasted in the minds of some persons 
It played 
an important part in the invention of the 
the Montgolfier brothers. 
These had observed, like Aristotle, the 
rising of smoke and the floating of clouds, 
and they reasoned that if they could 
sufficient the 
‘‘lightness’’ of the smoke would carry 
That they had 


until the eighteenth century. 
balloon by 
bag 


enclose smoke in a 


the bag upward with it. 
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no thought of the part that hot air might 
play in this experiment is shown by the 
fact that the fuel they used for their first 
fire balloon was chopped straw, a material 
but 
After the 
success of their first experiments the true 


rather inconveniently bulky, one 


which produced much smoke 


cause of the ascent of their balloon was 
pointed out by the physicist Charles, who 
suggested the use of hydrogen in later 
trials. 

Another error was made by Aristotle 
stated that fell 
with speeds proportional to their weights 


when he heavy bodies 
Though he might easily have checked this 
erroneous conclusion by experiment he 
does not appear to have done so, and so 
great was his authority that this doctrine 
was generally accepted by those in au 
thority up to the time of Galileo, in spite 
of the recorded experiments to the con 
trary of a number of skeptics, antedating 
Galileo.’ 

But 
any intermediate student of Nature seems 


neither Aristotle nor Galileo nor 


to have advanced any hypothesis as to the 
Newton 
says in ‘**Prineipia,’’ 
this; but though he 


**framed no hypotheses ’’ in 


ultimate cause of gravitation 


himself, as he his 
purposely avoided 
his formal 
and official writings, his letters show that 
privately 


he speculated freely, as every 


scientific man should. There is extant a 
letter from Newton to Boyle 


is suggested that the attraction of bodies 


in which it 


toward the earth might be due to a change 
in the density of the ether at different 
levels above the earth’s surface 

the 
since Newton there are a few that it may 
be of One of the 
most notable of these is that put forth by 


Among many suggestions made 


interest to consider 
Le Sage of Geneva in 1750 

Imagine two circular plates to be held 
parallel to each other in a hail storm. If 
that the 


‘* Aristotle, Galileo and the 


Press, 1935 


the storm is so violent stones 


I2Lane C 
Tower of Pisa,’’ 
Heidel, ‘‘The Heroie Age of Science,’’ p 187. 
Baltimore, 1933, Williams and Wilkins Co. 


oper, 
Cornell University 
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may be assumed to come from every 
direction it will be seen that the two 
plates will to a certain extent shield each 
other’s inner faces from the impact of 
the stones, and the closer the plates are 
to each other the greater will be this 
shielding. Asa result, the two plates will 
be pushed together by a force which will 
increase as the distance between the 
plates is lessened. 

Le Sage imagined the universe to be 
filled with what he called ‘‘ultra-mun- 
dane corpuscles’’ flying about in all di- 
rections with high speeds, like the mole- 
cules of a gas, and pushing together any 
pieces of matter that happened to be close 
enough to each other. The obvious objec- 
tion to this theory is the heating effect of 
these impacts, and a source of continuous 
supply for the energy, but it is to be 
remembered that at the time this hy- 
pothesis was put forward the conserva- 
tion of energy was as yet unrecognized. 

Another objection to this theory is that 
according to it a closed box should at 
least partially shield particles of mat- 
ter within it from gravitational action. 
Gravitational screening, however, was as 
completely unthought of in the eighteenth 
century as was the conservation of 
energy. 

We find in Le Sage’s hypothesis a con- 
cept which has held its own in every later 
suggestion that has been made as to the 
cause of gravitation, namely, that gravi- 
tation is a push rather than a pull. 
Lodge,** in a lecture entitled, ‘‘ The Ether 
and its Functions,’’ makes use of this ideé 
in discussing electrical attraction. He 
points out that it seems to be a natural 
tendency of the mind to account for the 
unknown cause of an attraction by calling 
it a pull, while in those cases which we 
have learned to understand we find that 
it is rather to be described as a push. 
When a horse, as we say, ‘‘pulls’’ a 
wagon he really pushes against the horse 
collar; and when we ‘‘pull’’ a door shut 


13 Lodge, Nature, Jan. 25, 1883, p. 305. 


we put our fingers on the other side of 
the knob and push. The same thing 
occurs in human relations. When we se 
some one getting along better than w: 
do, we sometimes superficially account 


for his suecess by ascribing it to ‘‘ pull,’ 
while a more intimate acquaintance wit! 
the facts will generally show it to be a 
case of ‘‘push.’’ 

Le Sage’s hypothesis attracted wide at 
tention, and its influence is to be seen in 
many of the hypotheses which followed 
it. If we imagine the number of thes 
ultra-mundane corpuscles increased unt 
they pass from the state of a swarm of 
discrete particles to that of a stream in a 
fluid, we have the fundamental idea 
which was repeatedly set forth in on 
form or another during many succeeding 
years, and which is still occasionally pro 
posed to-day. The Smithsonian Annual 
Report for 1876 contains an article by 
W. B. Taylor, giving a summary and 
criticism of some twenty-five or thirty 
hypotheses of this nature. The definite 
shaping of the concept of the luminifer 
ous ether in the nineteenth century had 
much to do with the growth and spread 
of such ideas, but to all such suggestions 
the non-existence of gravitational screen 
ing is a fatal objection. It is conceivable 
that such streams might penetrate the 
structure of solids, but not without some 
reduction in velocity, else the body pene 
trated would not be subject to gravita 
tion. And any reduction in the momen- 
tum of the stream must show itself in a 
corresponding reduction of gravitative 
force on the other side of the screen. 

A new turn was given this idea that 
gravitation was due in some way to ether 
motion when Kelvin" in 1867 suggested 
his famous hypothesis of vortex atoms 
When this theory was proposed the ques 
tion that came at once to the mind of 
every one was, ‘‘ Will these atoms grav! 
tate?’’ It was not at first apparent 
whether they would or would not, and a 

14 Kelvin, Math. and Phys. Papers, vol. 4. 




















and difficult mathematical analysis 

required before this question could 
answered. Maxwell the 
nes and doubts of the time in the article 
for the ninth 


expressed 
\tom’’ which he wrote 
on of the Encyclopedia Britannica 
the 1870’s, in which he said, ‘‘It may 
hard to say of an infant theory that 
gravitation.’ 


s bound to explain 


Such, however, was the case. The search- 
mathematical examination to which 
theory was subjected, largely at the 
ls of J. J. Thomson, failed to indicate 
possibility of mutual attraction be- 

een these atoms, and Kelvin finally 

that 


ibandoned. 


idmitted his hypothesis must be 
But hope springs eternal in science as 
ewhere, and in a few years a new and 
romising suggestion appeared. It was 
liscovered experimentally that oscillating 
r pulsating bodies immersed in a fluid 
medium such as air or water would under 
ertain circumstances attract each other, 
ind under others repel. At the 
juestion of vibrating atoms in the ether 


once 


suggested itself. This was given serious 
study by Karl Pearson’ in 1889, but he 
ater abandoned this line of attack for 
inother which seemed to him more prom- 
sing. This was his theory of ‘‘ether 
squirts, ’’™ 

It had been observed that a source in a 

id medium, such as the end of a hose 
turned on under water, would under cer- 
tain ecireumstances attract a 
Pearson followed up the hydro- 
lvnamies of this problem, and found that 


similar 


only would two such sources attract 
each other, but that two sinks, where fluid 
lisappeared, would also attract, while a 
uree and a sink would mutually repel 
each other. 
Pearson suggested that an atom might 


Camb. Phil. Trans., 
Math. Soc. Proc., 20, 
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1889, p. 38, 
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Lov aon 
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be a source in the ether at which ether 
was continually generated, perhaps being 
poured in from somewhere outside in the 
fourth dimension, or conversely it might 
be a sink at which ether disappeared. If 
the ether was incompressible, as was gen 
erally held, and space was full of it, it 
followed that matter, to exist at all, must 


be found in equal and opposite quantities 


of the two kinds To aceount for the 
fact that but one kind is known to us, 
Pearson suggested that in the course of 
ages the two kinds had separated by) 
their mutual repulsion, and that some 


the distant reaches of 


there might be 


Space 


where in 
found a universe of the 
opposite type of matter, a counterpart 


of our own. Whether this would be of 


the source or sink variety it was of 
course impossible to Say. 
In the discussion evoked by this hy 


pothesis there was cited the instance of 
a certain star (1830 Groombridge) which 
motion 
that it 
the at 


the 


possessed the vreatest proper 


then known, a velocity so great 
could not have been produced by 
traction of all the known matter in 
universe, acting at the distances involved 
It was suggested that this velocity might 
have been produced by repulsion, the star 
having been at one time much nearer our 
system. 

Against this theory of gravitation there 
is to be considered the omnipresent objec 
tion of gravitational screening, which 
would entirely vitiate the hydrodynami- 
eal reasoning which Pearson 
founded his hypothesis 
full 


absence ot 


upon 
It is to be said, 
the evi- 


however, that the force of 
the eravitational 


the 


dence for 


screening was not recognized until 


twentieth century. 
The next 
eame from Osborne Reynolds In its 


hypothesis of importance 


way it was as original as that of Pearson, 
’ 


for it involved a complete inversion of 


our ideas of the structure of the universe 


17 Reynolds, ‘‘ The Sub-Mee! 


verse,’’ S Papers. vi 
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Reynolds supposed the ether to have a 
fine-grained structure such as might re- 
sult from some process akin to the piling 
of shot. He further supposed there to be 
cracks or irregularities in the piling. 
eracks in the 
Reynolds 


These empty 
substratum of the 
regarded as the atoms of matter. 

He was able to show that under pres- 
sure there would be a tendency for two 


spaces or 


universe 


such eracks to approach each other, thus 
satisfying gravitational requirements. It 
can be seen, however, that if two cracks 
were separated by a large completely 
empty space, corresponding to a thick 
and very dense piece of matter, while 
tendency for both 
eracks to approach the empty space, the 
latter effectually any 
action of one crack on the other across it. 


there might be a 


would prevent 
In other words, the objection of gravita- 
tional screening again interposes itself. 
More 
foundered upon this rock than upon any 


theories of gravitation have 


other. A whole class of hypotheses is 
ruled out by the sereening objection, 
namely, all electro-magnetic theories. 
Every electrical or magnetic action is 
partly or 
wholly, and it is impossible to conceive 


capable of being screened, 


of any electro-magnetic combination 
which will not be subject to screening in 
one or both of its elements. The burden 
of proof rests upon the author of such a 
theory to show that the screening objec- 
Many such theories 


have been proposed, suggested probably 


tion does not hold. 


by the similarity of the inverse square 
law in each case, but in none of these 
hypotheses is it specifically pointed out 
how the sereening objection is to be 
avoided. In fact, one comes from the 
study of such hypotheses with the im- 
pression that their authors either ignore 
this objection or are ignorant of it. 
Thus at the end of the nineteenth cen- 
tury our knowledge of gravitation, in its 
positive aspect, stood just where Newton 
had left it. Much experimental work 
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had been done in the hope of showing 
some relation between gravitation and 
other physical phenomena, but the results 
had been all negative. Gravitatio; 
seemed to hold itself aloof from other 
phenomena, steadily refusing to acknowl. 
edge any kinship to what were strong) 
suspected of being its relations. Yet 
optimism prevailed, and hope was mai 
tained that gravitation would yet b 
brought into line with other phenomena 
of Nature. 

But like Moses of old, the physicists « 
the nineteenth century might look ahead 
over the promised land, but might not 
enter. It was reserved for Einstein i) 
the twentieth century to make the first 
positive step toward the correlation o! 
gravitation with other phenomena of 
Nature. All the facts concerning gray 
tation were well known to Einstein, w! 
pondered over them, set them in perspe 
tive, and by his genius was able to evol\ 
from them a suggestion as to the natur 
of gravitation which, while not perfect, is 
the first positive advance that has be 
made in the subject since the time of 
Newton. 

I have said that gravitation stood fi 
a long time in a class by itself among 
physical phenomena. In so far as this 
is true, it was due to the short sight of t 
observers, for Einstein pointed out that 
there was another phenomenon of ver’ 


much the same kind, namely inertia, i! 


the form known as centrifugal fore 
Centrifugal force is independent of th 
material, is not a function of the te 
perature and can not be cut off by an 
form of centrifuga 
force, like gravitation, seems to be a fun: 


screen. In fact, 


tion of nothing but the mass involved and 
its space and time coordinates. 

Einstein illustrates this by means of a 
revolving disk. Imagine such a disk 
capable of carrying an observer, such as 
may be seen in amusement parks. Let 
the disk be covered by a dome which re- 
volved with it, so that the observer within 


can I 


hodie 


+ 


on. 
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ean not tell by direct observation of other 
bodies whether or not the disk is in rota- 
tion. Suppose the disk is at first station- 
ary. The observer, in walking from one 
point to another of his little world, would 
perceive no difference at the different 
points ; but let the disk be set in rotation, 
and though the observer could not 
directly perceive the motion he would 
become aware of a certain difference. At 
every point of his space except the center 
he would experience a force repelling him 
radially outward, and the greater the 
distance from the center the greater the 
force of repulsion. He would, in fact, 
be in a sort of turned-inside-out gravita- 
tional field of foree. 

With our superior knowledge we recog- 
of repulsion to be 
As such, 


nize this ‘‘foree’’ 
purely inertial in its nature. 
t does not originate at the center of the 
disk, but in the observer himself, and 
‘consequently no screen erected between 
him and the center can diminish the force 
he feels. Here we have an illustration of 
how the motion of a system may give rise 
to something remotely simulating a 
gravitational field which disappears when 
the motion of the system stops. 

Another illustration that may help us 
n this connection is that of an elevator. 
Imagine an elevator with closed walls, 
‘ontaining an observer. Suppose the 
elevator at first at rest. Let a bullet be 
fired through it horizontally. The path 
of the bullet to the observer within will 
appear as a straigh’ line from wall to 
wall. If the elevator be moving upward 
with constant speed, the path will appear 
as a straight line slanting downward. 
But if the upward motion of the elevator 
be accelerated, the path of the bullet will 
no longer appear straight, but as a curved 
trajectory, convex upward. 

The observer might account for this 
curved path by saying that the bullet 
moved aceording to the resultant of two 
forces : its original impulse, which would 
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cause by itself a straight path from wall 
to wall, compounded with another force 
of attraction of some unknown nature, 
drawing the bullet downward toward the 
floor of the elevator. This is assuming a 
force which does not really exist, and 
which in consequence may be expected to 
be rather difficult to explain. What has 
actually happened is that the observer 
has changed from fixed to moving coor- 
dinates. 

Imperfect as are these attempts to rep 
resent the actual gravitational field of a 
body, they may nevertheless help us to 
understand what Einstein means when he 
says that a gravitational field is equiva 
lent to an inertial field produced by a 
suitable coordinates; yet 
neither of 


change of 


these illustrations furnishes 
us with a change of coordinates adequate 
to the representation of the actual three 
dimensional field of a material particle 
The task of 


system, if indeed any should exist, might 


finding such a coordinate 
well appall the best equipped of mathe 
maticians; yet with sublime confidence 
in his intuition it was to this task that 
Einstein set himself. 

And then a wonderful thing happened, 
for with but the slenderest of clues, and 
guided principally by what we may fairly 
call the intuition of genius, he succeeded ! 
He found a 


nates which represents a little more accu 


eoordl 


transformation of 
rately than Newton’s law the physical 
phenomena concerned on gravitation 
Imagine a smooth flat frozen surface 
of a lake. 


a stone set in 


Assuming friction to be absent, 


motion on this surface 
would move in a straight line with un) 
form velocity, obeying Newton’s first law 
of motion. If we observed the path of the 
stone to depart from a straight line at 
any point we might reasonably infer 
that there was a slight elevation or de 


Sup- 


pression of the ice at that place. 


pose there to be a large, heavy stone rest- 
ing upon the ice, producing a rather 





122 THE SCIENTIFIC MONTHLY 


deep and widely extended depression or 
At some distance 
from it, where the ice is again flat, sup- 


cusp in the surface. 


pose a small stone, which produces no 
appreciable cusp, is set in motion in such 
a direction as will carry it past the heavy 
stone at a short distance from it, well 
The path of the small 
stone, at first a straight line, will, as it 


within its cusp. 


enters the cusp, gradually assume a 
curved form. Assuming no attraction to 
exist between the large and the small 
stone, the latter will pass on and out 
of the cusp, its path again becoming 
straight; but on account of the brief 
twist to which it was subjected the latter 
portion of the path will not in general 
be in the same straight line as the first. 
The small stone will have suffered a 
deflection. 

An observer watching the motion of 
the small stone through what we may call 
Newtonian spectacles, which do not show 
him the curvature of the ice, will say, 
‘Yes; on passing the large stone the 
small one seems to have experienced a 
force of attraction which has deflected it 
from its straight path.’’ But let him 
replace these glasses by others of Ein- 
steinian make, and he will say, ‘‘No, I 
see now that there was no force of at- 
traction at all. It was purely the inertia 
of the smail stone combined with the 
curvature of the surface which it had to 
traverse that produced the change in its 
path.’’ 

If the small stone passed very close to 
the large one it might not be able to get 
out of the cusp at all, but would circulate 
round and round, describing a curve 
whose shape would depend on that of the 
cusp and on the plane of motion of the 
small stone. If the cusp were shaped 
somewhat like that around the stem of an 
apple, the path of the small stone might 
be an ellipse which failed to close, and 
would resemble the actual orbit of the 


planet Mercury. 


So much for a two-dimensional surface 
curved in a third dimension. Einstein’s 
explanation of gravitation contemplates 
an analogous phenomenon in a space 
more than three dimensions. A ray 
hight coming from a star traverses spac 
for millions of miles remote from mat 
rial bodies, and consequently ‘‘flat.’’ 
Through this region the path of the ray 
is a straight line. But if it eventually 
passes close by the sun, whose great mass 
causes a considerable cusp or warp in our 
solid space, the path of the ray becomes 
twisted, and when it again becomes 
straight it has been permanently d 
flected from its original course. 

Concepts such as these are apt by their 
strangeness and transcendental character 
to cause us to lose the true perspective of 
the situation. The theory of relativity 
is but a working mathematical hypot! 
esis, designed to cut a little more closely 
to the line than that of Newton. But it 
is still artificial in its nature, and is by 
no means to be regarded as the ultimat: 
representation of the truth of Nature. 

The theory of relativity has done muc! 
It has explained one astronomical phe 
nomenon for which Newton’s law o! 
gravitation was found to be inadequate 
It has successfully predicted two new 
physical phenomena. And yet, when 
comes to such apparently simple matters 
as rotational motion and centrifugal 
force, the theory, as Eddington says, 
stops explaining phenomena and begins 
explaining them away. 

Einstein himself regards this child of 
his brain quite sanely. Being a mathe 
matician, he naturally recognizes an em- 
pirical equation fitted to a curve as some 
thing totally different from the real 
equation of the curve, and bound to d 
verge from it if carried out far enoug! 
*‘No amount of experimentation,’’ Ein 
stein is reported to have said, ‘‘can ever 
prove me right. A single experiment 
may at any time prove me wrong.’’ Not 
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any one has at present a better 

ry to suggest; but such a thing 
doubtless will come to pass when the 
hour and the man arrive. Newton cut 
so closely to the line that over two cen- 
ries elapsed before Einstein could bet- 

r his formula; and how long it will be 
before the next corrective term is added 
to the empirical equation for the great 

irve of Nature is a matter at present on 
the knees of the gods. 

We have now seen the physical facts, 
positive and negative, which must be 
satisfied by any theory of gravitation, 
and we have reviewed the most impor- 

nt hypotheses which have been pro- 
posed to explain these facts. What is the 
conclusion of the whole matter? Is there 
anything in all this theorizing that can 
be considered of permanent importance ? 

There is at least one concept which, as 
we have seen, is to be found in practically 
all gravitational hypotheses from LeSage 
to Einstein, namely, that gravitation is 
a push rather than a pull. There is 
weighty evidence to support this view in 
the absence of gravitational screening, 
which must mean that gravitation does 
not depend in any way upon the nature 
or condition of the intervening medium, 


through which a pull would have to be 
transmitted. 

There is also a second idea which may 
figure largely in future speculation. We 
have seen it hovering vaguely in the 
background of Pearson’s hypothesis, and 
have found it faced frankly and stated 
explicitly by Einstein, namely, that a 
satisfactory explanation of gravitation 
transcends the limitations of Euclidean 
three-dimensional space. Radical as this 
may seem, it can not be denied that after 
two centuries of fruitless theorizing the 
introduction of hyper-geometry brought 
about the first positive advance in the 
subject of gravitation since the time of 
Newton. 

The more we study gravitation the 
more there grows upon us the feeling 
that there is something peculiarly funda- 
mental about this phenomenon to a de- 
gree which is unequaled among other 
natural phenomena. Its independence 
of the factors which affect other phe- 
nomena, its dependence only upon mass 
and distance suggests that its roots avoid 
things superficial, and go down deep into 
the unseen, to the very essence of matter 
and the space in which it lives and moves 


and has its being 
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Ir is well known that the ancient 
Babylonians theoretically used the same 
symbol for every number of a geometric 
progression whose common ratio is 60. 
In particular, they theoretically used the 
same symbol for every number contained 
in the infinite series 


l ] l 


1, 60, 3600, 216000,... 
©°16000 3600 60 


As this particular series constitutes an 
infinite group with respect to multiplica- 
tion it results that their wedge number 
symbol, which also represented unity, is 
the oldest known symbol which was used 
for a long time to represent an infinite 
group. Hence this particular group may 
be said to constitute the basis of their 
The 


of numbers which were constructed simi- 


numerical notation. infinite series 
larly by multiplying the terms of this 
series by the positive integers from 2 to 
59 inclusive obviously do not separately 
constitute a group with respect to multi- 
plication, since they do not include unity. 

There has been a tendency in the devel- 
opment of mathematics towards greater 
and greater generality, but the numerical 
notation of the ancient Babylonians is a 
striking exception to this fundamental 
This notation, 
practically a 


tendency. numerical 


which is also positional 
number system to the base 60, is unique 
in the history of mathematics. The use 
of the same number symbol for every 
term of a geometric progression of num- 


different 


system in 


from our common 
modern which 
numbers are always represented by dis- 
tinct symbols that it is quite difficult at 


first to understand why a people who had 


bers is SO 


two distinct 


TICS, ILLINOIS 


made so much progress in civilizat 


could be satisfied with a numerical sys 
seems to have such obvi 


tem which 


disadvantages. One of its advantages 

that it practically makes the use of \ 

and thes 
in ear! 


mon fractions unnecessary, 


were somewhat troublesome 
civilizations, 

While the ancient Babylonians used 
their common number system the gr 
the 


progression which has unity for on 


formed by terms of a geometr 
its terms they did not use in this syster 
the more important group formed by th 
totality of the positive rational numbers 
In particular, the unit fractions 1/2, 1 

1/4, 1/5, 
system by 30, 20, 15, 12. 10. respective I 
but the did 
regular number of this system. 


1/6 were represented in 


form 
Thei 


regular unit fractions had no prime fac 


fraction 1/7 not 


tor in their denominators besides 2 


and 5. While their number system | 
many practical advantages in an earl) 
stage of civilization it would not be 
ceptable at the present time. One of 
great defects was that it did not inv: 
a symbol corresponding to our mode! 
decimal point. Its existence points to th 
advantages resulting from an emphasis 
of the property of similarity. In par 
ticular, 10 and 10,000 represent the sam 
amount of money if the unit in the for 
mer case is a dollar and in the latter a 
mill. 

In the introduction to his widely used 
‘*Theorie der Gruppen endlicher 
third 1937, A 
Speiser emphasizes the fact that regula 


von 


Ordnung,’ edition, 


r 


geometric figures may have been studied 


by group theory methods as early as 150! 
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sc. and that Egyptian ornaments may 
have been the objects of mathematical 
study in ancient times. It is clear that 
me of these ornaments can not be fully 
mprehended without a study of the 
related groups of transformations, but 


s 


the evidences pointing to the existence 

an early group theory among the 
Egyptians are not yet entirely conclu- 
sive. It should also be noted that the 
wt that the Babylonians actually used 
an infinite group as a basis of their 
numerical notation in very ancient times 
joes not prove that they were then inter- 
ested in the study of group properties. 
The existence of this group at that time 
and of a symbol for it are, however, well 
established. 

The group formed by the positive ra- 
tional numbers when they are combined 
by multiplication was probably the most 
potent factor in making the group con- 
pt commonplace at the time when 
Euclid’s ‘‘Elements’’ were written so 
that it did not seem necessary to empha- 
size this concept in these ‘‘Elements.’’ 
The study of the regular geometric fig- 
ures by the ancient Greeks presented 
many opportunities to direct attention to 
group properties which were not then 
utilized. In facet, the first figure in 
Euclid’s ‘‘ Elements”’ relates to the regu- 
ar triangle, but its group of movements 
s not mentioned in connection there- 
This may have been 
largely due to the fact that it was not 
then known that the subject of group 
theory has such wide contacts and hence 


with. omission 


it is now desirable to emphasize its ele- 
ments whenever a proper occasion pre- 
sents itself, 

In 1898 H. Poinearé published an 
article in the Monist in which he used 
the following words: 


The principal foundation of Euclid’s demon- 
‘trations is really the existence of the group 
ind its properties. Unquestionably he appeals 


) other axioms which it is more difficult to 


refer to the notion of group. An axiom of this 
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kind is that which some geometers employ when 


they define a straight line as the shortest dis 
tance between two points. But it is precisely 
such axioms that Euclid enunciates The others, 
which are more directly associated with the idea 
of displacement and with the idea of groups, 
are the very ones which he implicitly admits 
and which he does not deem necessary to enun 
ciate. This is tantamount to saying that the 
former are the fruit of later experience, that 
the others were first assimilated by us, and that 
consequently the notion of group existed prior 
to all othe rs. 


Although the group concept had be- 
come commonplace at the time of Euclid 
it took about two thousand years longer 
to start a vigorous development of this 
concept and to move it gradually into the 
foreground of 
tion. This 
started during the 


mathematical 
forward 


investiga 
movement was 
latter half of the 
eighteenth century by various writers, 
including J. L. Lagrange (1736-1813), 
who stated explicitly that the order of 
every substitution group on n letters 
divides the order of the symmetric group 
on these letters. He also called attention 
to various special substitution groups, 
including the now well-known non-cyclic 
group of order 4, which has been called 
recently ‘‘Kleinsche Vierergruppe’’ by 
various German writers in honor of the 
German mathematician, 
(1849-1925), who used it 


extensively under its now common Ger 


outstanding 
Felix Klein 


man name ‘‘ Vierergruppe.’’ 

To illustrate the fact that honors are 
sometimes bestowed in a questionable 
manner in the history of mathematics it 
may be of interest to mention here some 
additional 


facts relating to the name 


**Kleinsche Vierergruppe.’ This group, 
composed of four elements, is the sim 
plest non-cyclic group, and it is repre 
sented by the four movements of our 
ordinary space which transform into it 
self a given fixed rectangle having two 
unequal sides. It therefore seems likely 
that its properties were observed in an- 
cient times already, but it is not now 
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known when these properties were first 
recorded. As was noted above they ap- 
pear explicitly in an article by J. L. 
Lagrange published in about 1770, which 
became well known soon thereafter. 
They appear also in at least one other 
widely known work, which was published 
before Felix Klein was born, viz., in the 
‘*Exercices d’analyse’’ of A. L. Cauchy, 
volume 3, page 252 (1844). 

It is, however, more important in this 
connection to note the fact that this par- 
ticular group was widely used and ex- 
plained during the early years of Felix 
Klein, before he began to publish any- 
thing on this subject. In particular, 
when he was about five years old, the 
noted English mathematician A. Cayley 
(1821—1895 published an article in the 
Philosophical Magazine (1854) in which 
he gave a detailed multiplication table 
of this group and explained again its 
properties. It is therefore well estab 
lished that when Felix Klein began to 
use this group its abstract properties 
were widely known. This makes the fact 
that it is now so often referred to as the 
‘*Kleinsche Vierergruppe’’ more inter- 
esting as a historical fact, since it throws 
light on the significance which should be 
attached to the naming of things in 
science in honor of an outstanding man. 

Very few groups have as yet received 
special names. These include the octic 
group, which is the dihedral group of 
order eight and corresponds to the di- 
hedral group of order four, which was 
noted above. Notwithstanding its great 
simplicity, this group apears under five 
entries in the second edition of ‘‘ Web- 
ster’s New International Dictionary,’’ as 
follows: ‘‘anharmonie group,’’ ‘‘axial 
group,’’ ‘‘eross-ratio group,’’ ‘‘four- 
group’’ and ‘‘quadratie group.’’ In 
Bocher’s ‘‘Introduction to Higher Alge- 
bra’’ (1927), it is ealled the ‘‘fours 


group’’ as a translation of its German 


name ‘‘Vierergruppe.’’ Since there are 


two abstract groups of order four 
five abstract groups of order eight 
terms ‘‘four group’’ and ‘‘octie oe 

fail in themselves to give characte) 
information in regard to these gr 

We are, however, not so much inter 
in this connection in the feasibilit) 
giving individual names to indivi 
groups as in the question of the hist 
eal significance of assigning names 
honor of an individual and in the 
torical tendency to centralize er 
unduly. 

During the long period of time ext 
ing from the ancient Babylonians t 
latter half of the eighteenth century 
concept of group entered very gradu 
into mathematical thinking, and it 
not then even receive a special n 
Such a name was given to it by J 
Lagrange in the article to which we: 
ferred, but this concept did not att 
maturity until a satisfactory definit 
of an abstract group appeared more t 
a century later. The word group 
instance of the adoption of a comn 
word by mathematicians to represent 
concept which grew rapidly thereaft 
and became so complex that its definit 
could not be inferred from the comn 
meaning of its name. Even in the 
ject itself the common meaning of 
terms are often misleading, since 
term simple groups is used to repre 
the most difficult category of grou 
When the youthful E. Galois (1811 
1832) introduced the word group as 
technical term he could not foresee t! 
enormous amount of literature whic! 
since then appeared under this word : 
is still appearing thereunder. 

When E. Galois died he is said to |} 
expressed regrets that he could not | 
died for his country. The glory wi! 
his work on groups has brought to 
country through the efforts of thousa 
who proceeded along lines to whic! 
first called attention seems to be a gre 

















lit to his country than his death in 


ehting in her behalf could have been. 
» facts that his work at first failed to 
receive due recognition and that he en- 
red many hardships in consequence 
thereof may have led to a deeper and 
more Sy) mpathetic interest in his work on 
part of some of those who later 
inderstood its real significance. At any 
E. Galois has been a very inspiring 
gure in group theory as well as in the 
general history of mathematics. Addi 


il evidence along this line was re 


ntly furnished by an American publi 
nm, entitled ‘‘Galois and the Theory 
Groups, a Bright Star in Mathesis,’’ 
1932. Many mathematicians have ex 
ressed surprise because his name does 
appear in the ‘biographical diction- 
ry’’ of ‘*Webster’s New International 
Dictionary,’’ 1935. 
As evidence of the influence of the 
crete in the development of modern 
ithematics it may be interesting to note 
re that during the first hundred years 
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from the time of J. L. Lagrange’s work 
along this line group theory was dev: 
oped mainly as a concrete subject, 
gradually increasing emphasis on its 
abstract properties. The permutations 
or substitutions which were the main 
objects ol group theoretic study during 
this period are partly abstract, since they 
do not concern the nature of the objects 
which are permuted just as one foot does 
not specify the object measured. It is 
however, customary to class one foot with 
concrete numbers. An occasional move 
ment towards abstract group theory 
appeared about the middle of the ning 
teenth century, especially in the work of 
the English mathematician, A. Cayley, 
but this movement was not placed on a 
solid foundation before the appearance 
of a satisfactory definition of the term 
abstract group in 1882. Group theory 
thus furnishes an interesting modern 
example of the movement from concrete 
to abstract ideas in the development of 


mathematics. 
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By Professor CHARLES H. SMILEY 


DIRECTOR OF THE 


THe Lick Observatory of the Univer- 
sity of California was founded through 
the generosity of James Lick, an eccentric 
California millionaire. He _ provided 
$700,000 for the purchase of land, the 
construction of buildings and the con- 
struction of ‘‘a powerful telescope supe- 
than any 
with all the 
machinery appertaining thereto and ap- 


rior to and more powerful 


telescope ever yet made, 
propriately connected therewith, or that 
is necessary and convenient to the most 
powerful telescope now in use, or suited 
to one more powerful than any yet con- 
structed.’’ No one knows why James 
Lick decided to provide the money for 
this observatory. So far as is known, 
he had never looked through a telescope. 
his ‘‘ Reminiscences 


Somewhat later, in 


of an Astronomer,’’ Simon Newcomb 
said that if Lick had looked through a 
Lick 


never 


telescope, Observatory probably 
Lick 


apparently a difficult person with whom 


would have existed. was 


to get along. He took a dislike to a mem- 
ber of the first board of trustees, and as 
a result the entire board resigned. A 
second board was named, and yet again 
a third, before Lick died and the observa- 
tory was finally constructed. 

Lick placed several restrictions on the 
One was that the ob- 
servatory should be erected in California. 


use of his money. 


Another was that he should be buried in 
the pier which supported the great tele- 
scope If he could clearly have foreseen 
the future, he probably would not have 
In 1927, when 
the author of this article first 


made the latter provision. 
went to 
Lick Observatory, as a graduate student 
of the University of California, he accom- 
graduate student one 


panied another 


LADD OBSERVATORY, BROWN It 


NIVERSITY 


evening to the dome of the 36-inch refrae- 
tor. After a short time in the quiet dark 
dome, an eerie sound was heard and he 
called to his friend, ‘‘ What on earth is 
that?’’ ‘‘Oh,’’ the friend 
replied, ‘‘that is just James turning over 
In reality, it was due toa 


laughingly 


in his grave.’”’ 
part of the mechanism of the telescope 
In the beginning, Lick wanted the tele 
mounted near the edge of Lake 
Tahoe, but 
cause of the severe winters in that regior 
A number of including Mt. St 
Helena, Mt. Diablo, Loma Prieta and 
Mt. Hamilton, were considered before the 
final decision was made. 8S. W. Burnham 


spent two months on Mt. Hamilton in the 


scope 


this site was abandoned be- 


sites, 


fall of 1879, observing many double stars 
with a six-inch telescope before he re 
ported that this would be a satisfactory 
Lick 


favorable report came as a surprise t 


location for the telescope. This 
Newcomb and other astronomers who ha 
thought that rising currents of air would 
disturb the ‘‘ 
This observatory was the first large o1 


seeing’’ on a mountain peak 


to be located on a mountain top; its su 
cess is reflected in the locations of th 
large reflecting telescopes built in recent 
years, Mt. Wilson, Mt. Locke, Mt. Palo 
mar. 

A congressional grant, made on June 7 
1876, provided 1,946 acres for the obser 
vatory site. The state of California gave 
511 acres, 703 acres were acquired by 
purchase or gift and 30 acres were sold 
leaving a total of 3,130 acres. 

On Mt. Hamilton, there were thre 
peaks: Mt. Copernicus, 4,448 feet, Mt 
Kepler, 4,318 feet, and Observatory 
Peak, 4,302 feet. It was 
remove 72,000 tons of material from the 


necessary t 
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t i ! narrow escap The crawled 
ba inder his car to get his camera so he 
coul photograph the overturned car 
SHol ifter that, another machine came 
Lat Hh ipants helped Yu turn his 
hae! ove mid watched | moat e Ol 
down the mountain 


made by Alvan Clark, after Simon New 
comb, at the request ol the trustees, had 
visited a the leading Kuropean lass 
makers and teles Ope makers and had re 
ported that the Clark firm was best fitted 
for the work Ile also decided that re 
fractors were most reliable If Lick had 
been alive, he would undoubtedly have 
objected to the awarding of the contract 
to the Clarks Ile had written to Alvan 
Clark asking how large a telescope might 
be made and what such a telescope would 
cost. Without giving the matter careful 
consideration, Clark had replied, ** $200, 


000." Lick felt that this was much too 


miuel cdl woul 
Witl Tive an 
deaf 1! ! 


to do things as 
lone In 1880 
on the large ley 
build and cost 
mounting It \W\ 
fornia in 1TSs86 
Persons accon 


Clark went a 


Hlamilton until 


Kor nine vears, 


the forty-incl 
vatory an Octob 


refracting teles 
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now, alter more 
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al work; a 35-inch correcting lens was — to take 
by the Clarks to adapt it to photo vator\ At that time. he filed a 
hice work $12.000 for the ad e and assistance tv 
uunting was made by Warne) had given the trustees while the obser 
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’ t} 


Tory Wa 
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inexpected Pui 


bhit 
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the Washbur 


Observator 


ersiltVv of W is OUSID. Was Chosel 
first director of the | bse of the Lick Obs 
(reo! ,? By 1 TI I] 


"as dl 


| s Nautica Almanas Cs I 4 
Ile Was made president ‘ 1 Hip be d \| schael 
Porn } 1885. hoi txT ‘ 





? TSA8 Whe) ne resre 





scope to the Lick Observat 


phic OUST 
Wel t) ) i! si 

| | ere } per } 
mers al Heit in es W 
mo top this end 
Wiis ( ‘| Sol j ( 
pro qtere 3 1 iH ite >) } 
more rece 1) ! i] ries 
ment has not bee 
rity ~ nred (>) 1 
essentig i ST j " ‘ 
vivant eS | , 
Ihlel ( | ii} } yi? <7) 
tiinieate mosities Ww 
ine Holden's term as dire 
mn tS entire nas nevel bee 


al I 4 
nat West Point 

Ile was followed b 
Ke ey! Who havc been se? 
at Allegheny Observator 
Perhaps Keeler’s vrea 


Lick Observatory was the 


the ¢ rOSNI¢ reflector ror tine 

} ‘ tye { 1 | 
hk SHOW DDN hel COLE 
study of the extra-galacti 
showed that these nebulac 

j 4 P 
and that a large propo i} 
ol the spira [TVpe Ilis rel; 
ful Tern as ¢ rector e ‘ 


n LOOO 


Keeler was succeeded b 


liam Wallace Campbell, wl 


directo. ) the Lick (bse) 


L930. thoueh he was also pre 


Universit California 


Ss «LIS 
es This 
thy fey) 

reat cu 
the sto 

Tota I) 
1807 etiy 

served as 


~ ‘ rerweTa 
1S] 
bution ft 
{ 
yarn mo 
\ ra alia 
~T } Tie 
lle 
Prous 
{ We're 
{ Tbe { 
' tT} 
is (en 


KI SCIENTIFIC: MONTHLY 


Jf 
—_ 


‘ ( " app ‘ 
(Dhyne ils ! ‘ in’? 1 
( ( } ste i? ( 
1¢ ONT ( His i 1 Vo) 
He ~~ tire | | ¢ ~ 
hid The t iis 1} 
il | ! i vi I ( 
+] 4 ; 

( } eS | j rer" \ 
Sp Trow) DiS | thie ere 
maintena ~1 ( 
{ stoba ~ } [ 
. thre eX tio) 

{ 
( j “ 
1908 to 1929. whe the ('] . 
( leo 7 { } | 
| { s proern cvng bysy) » 
Ss wer it Mt. Hl 
(ler Ss) Cristal } 
» == 

ral al ‘ we ! 
tha mie 1 ‘ ) »] re cle 
Ihre apex ) Tes } S way Ss (| 
Proms These rae j Ties j 
We | \ t} 1} ! 1 ! 

i] 1) ( S pre 
hiined r He 1? ner mot 

> 

Robert Grant Aitke KHOW 
{ } 

Ong 7 WOrkK OF CLOLLD 
oOWec ( i? 1)t) } ( ‘ i? 
mued } TI ~s DOSNT LO3D iw 


WOrk ¢ I . I 
photograpl pla s, tl 
the sp a@sSeous 
novae Is probab it least 
sclentifiea It is interest 
that in the ‘ 
Lick Obs 1 thre ! 
five cline ‘ ‘ } 
for a time as president ¢ 
of Catitor } each he 
nas re Fi (| the ys ( Ve 
Astronomical S et 
| i brief art es I Ss THIS 


tT) 
al 
} 
ers 
) 
! 
‘ 
‘ 
( 
rs 
ISS 
T? ~ 
i 
( 
»> tN) 
; 
} } 
} 











HISTORY OF THE LICK OBSERVATORY 


‘ 


»ymention all the 
‘ 


ahict STUCLIAS made 
nor madeed all 
<— s who have been connect 
e omussion of a discovery 


omer 1? IS hoped, \\V 


i 


satel 
oO Gra CO alle 
at Lick Obser 
$OO0 visua 
sO) spectros 


vered 








The expedition to Kiev, 


with difficult, 


able to vet back 


rroup in 


recoradme another 


iis ¥V hich 


Pron Lick 
{ 


eclipse ‘) 


Spain had 


Labrac I Was cle 


While the one in Kory pt 


ek “astrono 


the eclipse of January 3 from 


the South 


Russia, for the 
Was probably 
ast favored of all: clouds spoiled the 


eclipse and the outbreak of the Kuropean 


equipment 


that the ob 


Kor t} e lipse ol 





THE SCLENTIFIC MONTHLY 


June &, 1918, a Lick party went t 
state of Washington, where their ol 
Vations were successfully made 

The eclipse of September 21, 1 
stands out among the Lick expedit 
since It was the photographs take) 
the Lick party in Australia which 
vided one of the few successful verif 
tions of the deflection of light by 
sun’s vravitational field in the an 
predicted by Einstein 

The Lick expedition to Lower Ca 
nia for the eclipse ol September 10, 19 
was unsuccessful because of weather 
ditions. On April 28, 1980, and A 
$1, 1932, total solar eclipses were sue 
fully observed in California and at F) 
burg, Maine, respectively One ma 
reasonably certain that Lick parties 
observe important eclipses of the fut 


| / 


and that friends of the university 
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eager to peer into nature’s guarded 
Usually they are not ambi- 
s for spectacular acclaim or for big 
. but, they 
ned by reasonable recognition. To 


SUres. 


being human, are 
h men, the problems and routine of 
enting, and the restraints of secrecy 
arrying on are dis- 
ful. Utility for their results delights 
such, but to feel under obligation 
mld the results into that utility 
to appal and disconcert them. 
men should be supported by endow- 


investigations, 


They belong in educational insti- 


ms, and endowed institutions for 


search, because they usually delight in 
‘contact with young and fresh minds. 
\dd another taste or desire to the just 


ken-of peering into 


the desire to 


instinct for 
ture’s guarded preserves 
ike each discovery of immediate exten- 
and the great 
overer-inventor is produced. When 
to the world he must have in him 
the origins of discriminating mathemati- 
i.e., analytical) powers which will 


utility to mankind 


| him to conduct explorations, imagina- 


tion for arousing a vision of a promised 
ind, curiosity for inciting experimenta- 
nm, penetrating powers for observing 
results of analysis or experiments, syn- 
thetic intelligence and enthusiasm which 
ruide invention. Such a man was the 
Marconi who was born in 1874. We will 
w examine the phenomena of his pro- 
tive life, beginning with its back- 
und. 
Hans Christian Oersted, professor in 
University of Copenhagen, an- 
uinced to the world in 1820 his experi- 
ental proof that an electric current 
irsing in a conducting wire disturbed 
a magnetic compass-needle standing in 
e neighborhood of the wire. This infor- 
ation spread to the intellectual centers 
{ the world as rapidly as the then state 
transportation and communication of 
telligence permitted. The year 1820 
was on the eve of the development of 
the electric-telegraph 
unborn, and 


railroads, 
was still 


steam 


intelligence was 


145 


transmitted by couriers or by horse 


drawn coaches. The announcement from 
Oersted created lively interest wherever 
The results of 


on the minds of Ampere and Arago in 


received. its stimulation 


Paris are well known. I have seen it 
stated that, years later, Michael Faraday 
in London said of the Oersted discovery, 
‘*It burst open the flood gates of a domain 
in science, dark till filled it 
with a flood of light 

upon the publication in 


Hum 


professor in the Royal Insti 


then, and 


Immediately 
London of O6crsted’s discovery, 
phrey Davy, 
tution, took a copy of the paper to the 
laboratory and he and Faraday (then an 


associate of Davy went over the experi 


mental work. Faraday’s mind was in 
flamed, and in 1821 he produced continu 
the 


an electric current and a magnet 


between 
Sub 


ous motion from reactions 
sequently, he made the cardinal discovery 
of the called 
induction, and he espoused the concept 
His 


epochal work was accomplished while he 


Royal 


relations electromagnetic 


of fields of force and lines of force 
Fullerian professor in the 
Institution 

Later on, this very work of Faraday 
stimulated James Clerk Maxwell to reflee- 


was 


tion and ultimately, when professor of 
experimental physics in the University 
of Cambridge (England), he published 
an epoch-making treatise on electricity 
and magnetism which contained extended 
mathematical discussions of electromag- 
netic waves. Maxwell became a professor 
in a Scotch college when twenty-five years 
He entered his professorship in 
lorty. 


of age. 
the University of Cambridge at 
His theory of 
aroused ardent 


electromagnetic Waves 
discussion and consider- 
able controversy, especially as it involved 
the phenomena of light, but no one im- 
undertook to 
validity by the pragmatic test of experi- 
Indeed Maxwell died (at 48 years 
before the validity of his theory 


mediately determine its 
ment. 
of age) 
was demonstrated by the experimental 
work of another college professor. 
Heinrich Hertz, professor in the Carls- 
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ruhe Polytechnicum in Germany (later 
at Bonn University), was the man who 
made that demonstration. It was accom- 
plished in the latter part of the decade 
of the eighties and its publication deeply 
stirred the scientific world. By that 
period, railroads, steamships, electric- 
telegraphs, all contributed to rapid dis- 
semination of important information, and 
both scientists and amateurs in Europe 
and America began a mad scramble of 
experimentation with the interesting phe- 
nomena that Hertz’s work had opened to 
observation. Among these investigators 
were distinguished professors of physics 
like Righi of Bologna, Branly of Paris, 
Slaby of Berlin, Lodge and Crookes of 
Kngland. Talk arose of electromagnetic 
waves becoming the instruments for the 
transmission of intelligence’ through 
space, but none had achieved as yet the 
genius and courage as an inventor which 
were required to bring such a conception 
to embodiment. 

The field had been leveled, ploughed 
and cultivated and lay awaiting the ad- 
vent of a planter (an inspired inventor) 
who could plant the seed and harvest the 
crop for the benefit of mankind, by 
adapting these electromagnetic waves to 
the wireless transmission of human intel- 
ligence over long and short distances. 
This inspired genius was the already re- 
ferred to Marconi boy (Guglielmo), born 
in Bologna, Italy, in 1874, the youngest 
of three sons of a father of some wealth. 
Ilis mother, a second wife, was musically 
minded and Irish, of the Jameson family, 
of whiskey distilling fame. Bologna in 
1874 was nearly ready to celebrate the 
centenary of the theory regarding electric 
reactions propounded by Luigi Galvani, 
the first of the great contributors to elee- 
trical knowledge hailing from that city 
and the two-hundredth anniversary of 
whose birth has now been recently cele- 
brated by the city and university. 

The boy Marconi seems to have been 
delicate and without interest in hard 
physical play, but he loved reading and 


was a devotee of fishing, horseback r 
and sea travel. His schooling was p) 
cipally by tutors and his own reading 
experiments. A biographer tells of 
interest in the letters of Benjamin Fra 
lin regarding experiments with elect 
ity, and how he reproduced Frank 
plan of causing a bell to ring at tim: 
thunderstorms by the effect of elect: 
drawn through a lightning rod. He 
still at the moderate age of twenty w 
his attention became attracted by the | 
nomena which directed the passion 
life. 

Heinrich ‘Hertz (the already re! 
to German college professor) died 
January 1, 1894, seventy-five years ; 
Oersted in Copenhagen was, philos 
like, turning over in his mind the pro 
of relations between electricity and 
netism. As is usual in obituaries of me: 
note, those published upon Hertz’s 


summed up the influence of his work a 


in some instances, deseribed his ex) 
mental investigations at consider 
length. A journal containing suc! 
obituary fell into the hands of 4 
Marconi while he vacationed in the m 
tains in 1894. This was the stroke 
quired to detonate the passion of ger 
Marconi later described his impre 
thus: ‘‘It seemed to me that if the ra 
tion could be increased, developed 
controlled, it would be possible to s 
across space for considerable dista) 
My chief trouble was that the idea 
so elementary, so simple in logic, tha 
seemed difficult to believe no one else ! 
thought of putting it into practice 
Krom the first, the idea was so ri 
me that I did not realize that to ot 
the theory might appear quite fantast 
Others had, indeed, thought of the ay 
cation, but none had had the eall of in 
tion required to find the way to 
embodiment. 

It is the part of genius to bridg 
invention an apparently impassable 
But when the bridge is established 
the gulf has been crossed, an achieven 
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it previously, as an hypothesis, ap- 
ared to be beyond the limit of human 
now (in its embodiment) seems 


wers, 
‘y simple. That is a characteristic of 


iny great inventions. At any rate, 


Marconi’s genius was now on fire and he 
reflected, sketched and planned during 
he rest of the vacation so that he could 
nter upon actual tests immediately upon 
returning to his father’s estate. He was 

‘w months past his twentieth birthday. 

His first trials of his idea were failures, 
like Faraday’s first trials of his ideas 
regarding the relations of electromagnetic 
but soon he was able to trans- 
He proved to 


luction ; 
mit signals short distances. 
his father that this result was actually 

outcome of his project and became the 
recipient of 5,000 lire, given to 
encourage his activity. (In those days 
the lira was worth about twenty American 


happy 


ts He was using an induction-coil 


with spark gap for an oscillator-transmit- 
for 


ter and a resonating gap receiver, 


following Hertz and Righi; but the re 
Something 


sults were disappointing. 


needed ! Signals could be 


but 


more 


was 


transmitted, only over short dis- 
ees 
This was still a laboratory matter in 
the spring of 1895. Others had already 
hieved perhaps as much, but that was 
in the course of ordinary lecture-room 
experimenting and Marconi had his ambi- 
tion set on the space-transmission of intel 
gence from man to man. 
was startling. It 
He electri- 


ally connected one terminal of his oscil- 


Marconi’s solution 
arose from inspired thought. 


ator-transmitter to the ground and the 
other terminal to a bit of conductor at the 
op of a pole. He 

‘elving circuit a device called a Branly 


introduced into his 
oherer, and here also one terminal was 
to ground and the other 


In these pole sup 


nnected ran 

the top of a pole. 
ported conductors were the first embodi- 
ments of the elaborate antenna structures 
with familiar, at 


which we are now all 


as an object on the landscape even 
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if not as a part of our technical acquain- 
tance. 
With this arrangement he gai 
in spite of 
The 


associated 


ed dis 


tance of transmission the 


erudeness of his apparatus sending 


and receiving antennas, with 


grounded circuits, had achieved his end 
Wireless telegraphy was a fact. Innum- 
been intro 


Marconi’s 


Tun- 


erable refinements have since 
duced 


fundamental embodiment remains 


but, in all instances, 


its, choice of frequency, new 


directs 


Ing or cre 


transmitters and receivers, nal 


antennas, substitution of speech for tele 


graph signals, broadcasting, all re 


finements, extensions, 
but all hang as 


original gem All 


Improvements, or 
embellishments on the 
who have practiced 
invention know well that at that time the 
mental exaltation of Marconi must have 
been high. Marconi is 


learned early that the long road of inven- 
but that it 


oO! those who 


one 


prov ide 


tion 1s rough some 


elorious vistas 

The announcement of his re 
at excel nent 
rid, 


n of the 


among 


in 1896, created er 


ysicists of the wi who beran 


the p 
r 


h 
dent disecussi m of 


their 


an a 
the 
by the 
their 


mechani 
] 
‘ 


Waves, emission am capture 


‘elving antennas, 


sending and re 


velocity of propagation (was it 


indeed the same as the veloc ty of licht 


how penetrative were they, could they 


follow around the curvature of the earth 


ors There also arose 


and many other fact 


a flood of mathematical : 


} 


ind experimental 
P 
d of 


unexpectedly 


investigations in this fie phenomena, 


the doors to which were so 
thrown open 

It is said that 
took no interest : yect 
Marconi called it 
Therefore he 


took out 


vouthful citizen, when 


to attention in 1896 went 


to England, where he a patent 
covering his fundamental embodiment 


the first 


; 


patent ever taken out for wire 


spec fj a \ cle 
based on ele aves He 
England and 


in extending his demonstra 


less telegraphs eribed as 


‘tric W was wel 


comed in given hearty 


cooperation 
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tion. Then, in July, 1897, a company 


was incorporated to support his investi- 


vations and to enter the field of commer- 
At that date a 
transmission distance of about ten miles 
had 
cured Marconi’s rights to wireless tele- 


cial wireless telegraphy. 


been achieved. This company Sse- 
graph inventions throughout the world, 
except in Italy. The latter Marconi held 
out for the benefit of his fatherland. 
There England, many 
years of great activity. Stations were 
with light- 
Exacting 
research During 
this period Marconi invented the appli- 
cation of tuned cireuits to wireless trans- 
mission and reception, thereby improving 
the and 
wireless telegraphy, and also enabling, 


followed, in 
set up for communicating 
houses and with ships at sea. 
carried on. 


was also 


effectiveness selectiveness of 
if desired, a multiple of messages to be 
simultaneously transmitted or received 
on an antenna. This has a bearing on 
wireless telegraphy and telephony of im- 
portance almost equal to the primary 
invention patented in 1897. In these 
early days he also visualized radio proc- 
esses of transmitting direction-bearings 
to ships; and he was constantly on watch 
for hitherto unobserved and unexpected 
phenomena and was occupied in invent- 
improvements. He by now had 
gathered around him a group of notably 
competent aids who also were active in 
Distance of 
steadily increased. 
‘Marconi wireless’’ became the talk of 
two continents. 

About this time an American reporter 
said of Marconi: ‘‘ He is a mere boy, with 
a boy’s happy temperament and enthusi- 
asm, and a man’s nervous view of his life 
work. His little nervous 
and his eyes a bit dreamy. He acts with 
the modesty of a man who merely shrugs 
his shoulders when accused of discovering 


ing 


devising improvements. 


transmission was 


imanner is a 


a new continent.’’ 

There was drama in all this develop- 
ment. Flinging readable signals into 
space, to be picked up perhaps a hundred, 
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perhaps two hundred, miles away was 
itself dramatic as a realized entity, 
although not difficult to conceive as a 
dream-effect. But now this drama began 
in good earnest. Ships in trouble began 
to call for help by their installed wireless 
apparatus; and others, in response, to 
rush to give aid. Then came that exhibi- 
tion of confidence and courage at its 
height which is allowed in the life experi- 
ences of but few men, and occurs but once 
(because of its transcendent character 
in the life of any man. For Marconi this 
was the dispatch of readable signals from 
the southwestern portion of England t 
St. Johns, Newfoundland, two thousand 
-the letter S, three dots in 
Morse telegraph code, repeated according 
to a predetermined manner. 
skeptical when this achievement was re- 
ported; but the scientific world was 
thrilled, although it then (December, 
1901) did not how the electric 
waves could follow the curvature of the 
earth and some had denied the possibility 

Marconi’s achievements already had 
raised him to a level of high respect for 
his ability and his sterling reliability 
The New York Times commented on the 
feat of transatlantic signalling in a man- 
ner that is worthy of repeating: 


miles away 


Some were 


know 


It can not have escaped notice of those for 
whom the subject of wireless telegraphy has 
even a news interest, that to establish the fact 
that the feat had sueceeded of transmitting in 
telligible signals in prearranged order and fr 
quency of other 
needed than Signor Marconi’s unsupported and 
unverified statement. 


occurrence no evidence was 
Immediately on receipt of 
telegraphic intelligence from Newfoundland that 
this feat had been accomplished representativ 
engineers of the world were interviewed, and 
without exception their response was: ‘‘If Mar 
is true, I a 6 au 

higher tribute could have been paid by the world 
of science to an inventor than was paid Marcon 


coni says it believe 


by this unquestioning acceptance of the an 
nouncement that he had succeeded in accomplish 
ing the seemingly impossible. 


A few months later Marconi, on the 
steamship Philadelphia, while crossing 


the Atlantic Ocean from Europe to 
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America, received signals and messages 
over a still greater distance ; and the time 
had come to establish plant for commer- 
ial service between these two continents. 
It was on this trip that Marconi also 
made the important observation of a dif- 
ference between night and day in the 
strength of signal transmission. Now the 
world did indeed take notice, and honors 
flowed in to Mareoni. In mid-1902 the 
Czar of Russia Marconi 
entered a Russian harbor during some of 


met when he 
his observations, and on leaving him said, 
‘I am assured your invention has tre- 
mendous possibilities. It should prove a 
blessing to all.’’ 

The drama now turned to averting or 
ameliorating tragedy. Various rescues of 
small groups of people from shipwreck 
Then 


mpressively great achievements brought 


had been made on call by wireless. 


the life-saving possibilities of radio spec- 
tacularly into the public consciousness. 
In 1909, 461 people on board the sinking 
steamship Republic were taken off in 
safety by the steamship Baltic, called 
to the rescue by radio, while other ships 
similarly brought to the scene stood by. 
This was near the harbor of New York 
City and various large ships were within 
easy distance. 

In 1912 the disaster to the steamship 
Titanic occurred, and the far-away Car- 
pathia, called by radio, rescued 712 lives. 
Some or all of the 1,517 who were lost 
would have been saved, it was thought, if 
all vessels in the neighborhood at that 
time had been suitably equipped with the 
In 1913 the people 
who stayed with the ship, to a total of 
521, were saved from the flaming Vol- 


wireless apparatus. 


turno by ships called to the rescue by 
In this instance the difficulties of 
rescue in stormy seas were lessened by 


radio. 


means of oil on the water from an oil- 
carrying ship called to the spot by radio. 

By this time, travellers and shipping 
people became convinced that all steam- 
Ships ought to be provided with wireless 
telegraph equipment and that great pas- 
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senger ships should carry two or even 
three operators, so that safety supervision 
could be always available. The first wire- 
less shipping report had been published 
1910, the 


mereantile marine having 


by Lloyds in importance of 
wireless to the 
then already become recognized, but this 
was ship-to-shore business and the rescue 
problems were now proved to be largely 
ship-to-ship communication problems 

At 5 a.M. on November 11, 1918, went 
forth from the Eiffel-Tower radio-station 
in Paris one of the most pregnant and 
dramatic announcements ever carried by 
electric waves. It came from the author- 
ship of Marshall Foch and announced the 
end of military hostilities in the world 
war. It **Marshall Foch to the 
allied commanders: Hostilities will cease 
at 11 a.m.’ 
of hostilities is said to have reached by 


read : 
This word of the cessation 
wireless one half of the allied troops who 


then 
Marconi is reputed to have said in later 


numbered several million men. 


years, ‘‘I prefer to think of the lives that 


have been saved by wireless, rather than 


the uses to which it might be put in war 


time.’ 
We 


before us the convenience of 


now, in our present year, have 
radio (1.¢ 
flash of 


time, by telegraph and by teleph me. into 


wireless) communication in a 
all parts of the world where there is a 
need for it. Radio has expanded into 
various other branches which are aside 
from the original objective that stimu- 
lated The 


become a commonplace of life through the 


Marconi’s mind. radio has 
results of steady expansion and improve- 
ment. Such a 
founded on and 
affected by the researches and inventions 
into the field, 


arouses many disputes regarding the fun- 


tremendous industry 


one man’s inventions, 


of rivals following him 
damental priority of the inventions and 
the patents describing them. Marconi’s 
work was no exception, and his great 
fundamental patents were warmly con- 
tested. As the development of 


unfolded, the early awe-inspiring wonder 


radio 
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among the people disappeared, and the 
whole enterprise became a simple public 
Marconi said half-dozen 
years ago: ‘‘I think I may say that the 
people will cease to wonder at wireless. 
The only wonder will be that there was 


affair. some 


ever a time when it was unknown.”’ 

When we contemplate the magnitude 
of influence inherent in radio as we know 
it, which is truly the blossoming from 
Marconi’s pioneer work, we can feel 
gratified that 
patents have been generally sustained. 
The attitude of American courts is indi- 
cated in the following paragraph from a 
decision of 1905. 


Mareoni’s fundamental 


It would seem, therefore, to be a sufficient 
answer to the attempts to belittle Mareconi’s 
great invention that, with the whole scientific 
world awakened by the disclosures of Hertz in 
1887 to the new and undeveloped possibilities of 
electric waves, nine years elapsed without a 
single practical or commercially successful re- 
sult, and that Marconi was the first to describe 
and the first to achieve the transmission of defi- 
nite and intelligible signals by means of the 
Hertzian waves. 


In the foregoing I have said little of 
the man and his personal life outside of 
his great work of invention and develop- 
ment. This is appropriate, for that great 
work absorbed him and was his life in a 
large sense. Nevertheless he was twice 
Once, the end was unhappiness 
and divorcee. The other marriage seems 
to have turned out adorably. Three chil- 
dren from the first marriage, I know little 
of. The child of the second marriage, a 
daughter now nearly eight years old, is 
reputed to be a very charming little girl. 

Upon his death, Marconi 
decorations of high order from many 


married. 


p< yssessed 


nations ; academic honors from many uni- 
versities; and many famous medals and 
prizes, headed by the Nobel Prize for 
Physies conferred on him in 1909. He 
was Senator of the Italian Kingdom and 
hereditary Marquis by creation of His 
Majesty the King of Italy. In January, 
1928, he was appointed President of the 
Italian National Council of Research; in 


November, 1930, he became President of 
the Italian Royal Academy and Member 
of the Council of the Fascist Party; and 
in February, 1931, he was appointed by 
His Holiness the Pope a member of the 
Pontifical Academy of Sciences. The 
friendship of the King and Queen of 
Italy and of the Duce during many years, 
with which was associated the helpful co- 
operation of all government authorities, 
eradicated any unhappiness that Mar- 
coni may have had originally on account 
of the coldness of his government toward 
his project in its youth, and his funeral 
was an Official affair of great dignity ac- 
companied by a spontaneous outburst of 
respect and mourning by the Italian 
people. 

Marconi’s productive qualities as an 
inventor arose from a nature illustrated 
by a comment from him which is reported 
by one of his biographers :* ‘‘T’ll tell you, 
if you set your heart and soul in a thing, 
The aid which he de- 
rived from originating in a well-to-do 
family is illustrated by his comment 
when asked what he would have done had 
He said, jocularly per- 
**T don’t believe I would have been 
an inventor. I might have been a sailor.”’ 
He loved the sea, but the inventive spirit 
burned strong within him and it is not 
safe to assert that he would not have been 
an inventor in some degree, even if he 
had been a poor sailor following the sea. 

It takes a genius to write a good short 
story in the literature of any language. 
Many short stories start well and others 
have good endings. Those are written by 
individual authors of ordinary merit; 
but one who is a genius can write a short 
story that is satisfying in both start and 
finish. It often is different with funda- 
mental inventions in the scientific world. 
One genius is not enough for such. It 
usually is necessary to expend (in se- 
quence) the efforts of one or more investi- 
gators on discovering the needed funda- 


you can do it.”’ 


he been poor. 
haps, 


1 Orrin E. Dunlap in ‘‘ Marconi, the Man and 
His Wireless,’’ published by The Maemillan 
Company. 
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tal facts in nature’s gallery, and of 
iditional individual (the inventor) 
mplete the chain and mould the ap- 
tions of those facts to the use of man. 
example of wireless communica- 

or radio, as we now call it), the 

ipal sequence comprised four match- 

ss men—Michael Faraday, James Clerk 
Maxwell, Heinrich Hertz, Guglielmo 
Marconi. Although we usually give first 
we to Faraday, it is truly difficult to 
which was the greatest of these men, 
each contributed largely to the com- 
convenience of men and to 
from which farther conven- 
ean be distilled as inventors seize 


and 
wledge 
opportunities. It is more reasonable 
ascribe first place jointly to Faraday 
Maxwell because their investigations 

| discoveries were so fundamental that 
us great applications have stemmed 

t of their work and others may yet do 
Nevertheless, Marconi’s work uncov- 

1 so many previously unnoted phe- 
mena that we are not yet able to put a 
t to the ultimate outcome. Faraday 
‘In early life I was a 
imaginative who 
‘Arabian Nights’ as 
but facts 
were important to me and saved me. I 
ld trust a fact.’’ And again, ‘‘ With- 

t experiment I am nothing’’ and ‘‘ But 
still try, for who knows what is possible.’’ 


‘ 


of himself 
ery lively, 
ild believe in the 
sily as the ‘Encyclopedia,’ 


person, 


Also, ‘‘Let us encourage ourselves by a 
more imagination prior to experi- 
nt.’ These phrases could be equally 
ipplied to Marconi’s qualities, but Fara- 
iy’s mind was directed to identifying 
ndamental phenomena and their rela- 
mships, while Marconi’s was set on 
producing useful applications. 

There is a moral in the sequence above 
named, which holds interest for those who 
vish to advance human comfort and con- 
venience, and I can not refrain from 
expressing this moral to you. Faraday, 
besides many other great achievements, 
thought out and experimentally demon- 
strated the phenomena of electromagnetic 
induction and also outlined the concep- 


tions of fields of force and lines of force; 
Maxwell thereafter synthesized such ideas 
by means of powerful mathematical treat- 
ment, thereby premonstrating the exis 
tence of electromagnetic waves 1n space 
Hertz experimentally proved the truth of 
Maxwell’s predictions regarding electric 
waves, and provided means for produ 
and for detecting 


range of 


ing electromagnetic 


waves of a wavelengths. The 
way was then open for the inventor, Mar- 
coni, to carry forward, and wireless com 
munication of intelligence sprang into 
being as the child of his labors. 

Such is the 


through which nowadays arise the great 


character ot S( 


pjueHCeS 


} 
Indus 


inventions from which influentia 


i 
The age of the individual 


tries spring. 
inventor struggling in scientific darkness 
to bring forth a great invention, as Watt 
did for the steam engine, Fulton did for 
the steamboat and Goodyear for the vul 
canization of 
period, if it is not already gone altogether. 


rubber, is in its waning 
The day of sequential scientific discovery, 
followed by invention which completes 
the chain and produces results out of 
which important industries spring, is 
with us. Even Watt, Fulton and Good- 
year worked from platforms of 
knowledge 
their predecessors. 


vague 
established by sequences of 

We are now applying to man’s pur- 
poses the more refined and abstruse fea- 
This 


presses a strong emphasis on the impor- 


tures of nature’s phenomena. 
tance of scientific research of fundamen- 
tal character if we wish to have continued 
the progress of invention that contributes 
new industries for our advantage. Sup- 
port 
character into nature’s phenomena, pro- 


for such research of fundamental 
vided in the way of endowments and gov- 
ernment appropriations, iS an important 
basic factor in raising to higher levels 
man’s comfort and convenience, and in 
improving the mutuality of interests be- 
tween men. I commend this idea to your 
reflective minds as a primary principle 
which is emphasized out of the work of 


such inventor-geniuses as Marconi. 
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By the late Dr. MAURICE C. HALL! 
CHIEF OF THE DIVISION OF ZOOLOGY, NATIONAL INSTITUTE OF HEALTH, U. S. PUBLIC HEALTH SERV! 
WASHINGTON, D. C. 


OneE of Mark Twain’s maxims is to the 
effect that truth is the most precious thing 
we have, and, therefore, we should econo- 
mize it. The statement is a blend of fact 
and of the cynicism characteristic of 
Mark Twain and other judicious persons 
who, on critical inspection, find the world, 
and more especially the behavior of 
people, something less than satisfactory. 
It is an appreciation of the fact that, in 
a society that speaks very highly of truth, 
personal indulgence in truth telling is a 
mischaney and hazardous occupation for 
thoughtful individuals. In this respect, 
the present time is probably no worse 
than former times, and may be somewhat 
better. In all ages it has been customary 
to stone the prophets, to ostracize any 
Aristides the Just that might arise, to 
compel the recantation of Galileos or burn 
them at the stake, to imprison innova- 
tors, to deride Fultons and Langleys, and 
to lop off the heads of such heretics and 
freethinkers as do not concur in the dicta 
of the current magnificos of State, church 
and similar collective organizations. The 
precise forms change, but the basic reac- 
tions are identical, and, for this or that 
reason, we are economical of truth. 

Yet the present time differs a bit from 
former times in that we now have a very 
large group of persons devoting them- 
selves to ascertaining the truth by some- 
what precise and critical procedures in 
lieu of seeking it by revelation, introspec- 
tion or the ratiocination of logie without 
benefit of observation or experimentation. 
These persons call themselves scientists. 
As students of science these scientists 
receive a certain amount of attention, but 
as subjects of scientific research the group 
has had too little attention. A few per- 

1 Died May 1, 1938. 


sons, such as Ramon y Cajal, have gi) 
them passing consideration, as I do he 


but what a scientist would regard as 


critical study of the group has never bee: 
made. It is pointed out here as a g 
subject for research. 

Quite visibly, scientists actually se 
for truth in their occupation as scientists 
Equally \ isibly, scientists do not seek 
truth to any notable extent outside 
their occupation as scientists, when acti: 
in their capacity as human beings. 
human beings they are constrained by t! 


same internal and external inhibitions 


that operate on all human beings. Int 
nally they are shaped by the same fo: 
that establish all childhood patterns 
behavior. They have the same incapa 
for examining their patterns by the crit 
cal methods of science, for justify) 
their behavior by the demand for ad 
quate evidence, and for sustaining the 
childish beliefs by the demand for so 
reasoning. Anthropologists and eth: 
gists have traced the roots of most of « 
childhood behavior and beliefs to pri 
tive sources, but scientists in general : 
content to regard those findings as appl) 
ing to other human beings, and to ignor 
the possibility and probability that tl 
themselves are behaving in the customar 
affairs of life, outside of their labora 
tories, precisely on a par with Eskim 


7 


Fiji Islanders, Toltees and cavem: 

Economists and sociologists have clarifi 

some aspects of problems of productio 
distribution, crime and maladjustment 
but scientists in general discuss thes 
subjects with the same light touch that 
has characterized their ancestors bac 
through untold generations. It is obvious 
that they inherit their religion, politics 
morals and manners, and follow them as 
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deviously and uncritically as did the men 
nd women of ancient Tyre, Gomorrah 
r Carthage. 

The reason for all this faulty behavior 
We have nothing 
better than human beings from which to 
material is 


is sufficiently obvious. 


ike scientists, and such 
early defective. As human beings, we 
have our thinking complicated by our 
emotions, and limited by our childhood 
are that 
push us from the straight path of reason, 
rv even stand astride the path and hold 
The 


Our 


beliefs. These things forces 


is back. result is, in some ways, 


pathetie. work as scientists lacks 
the sparkle of originality and individual 
thinking because we are set and molded 
in youthful habits of thought. We fol- 
taught us, and slip into 
from which we extricate 
selves with difficulty, if at all. To a 
rreat extent, our research follows some 


blueprint as evidently as does that of a 


ww patterns 


erooves our- 


irpenter or mechanic, and often shows 
as little, or even less, evidence of art or 
craftsmanship. 

When we 
ome morsel of truth, we display, some- 
of disregard for 


scientists have arrived at 


what too often, a bit 
truth and precise honesty in the presenta- 
tion of our findings. Too often, a joint 
paper presents the work done by the 
junior author, without the saving grace 
of a statement to that effect. Rationaliza- 
tions which are not quite sound and scien- 
tific are alleged as arguments justifying 
papers that should fly the Jolly Roger of 
piracy. Directors of research, from pro}- 
ect leaders up to the Herr Doktor Direk- 
tor, are in special danger of playing the 
role of Captain Kidd, and some few de- 
generate into intellectual parasites in- 
capable of taking two borrowed or stolen 
from them a third 


ideas and deriving 

idea of their own. 
In the course of 30 years, I have ob- 
served various experiences bearing on 
this matter of truth and honesty in scien- 
tifie publication. On 
about 


lifted 


one occasion, a 


writer four from 


pages 
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another man’s papers, and incorporated 


it in his paper without benefit of quota 
tion marks, credit or bibliographic cita 
While the original author 
ciated the compliment, and certainly was 
bor 


rower’s action was hardly in line with the 


tion. appre 


not harmed by the procedure, the 


nicest considerations of honesty and cour- 
tesy. While in the field on one occasion 
a scientist pointed out to a younger scien 
tist two species of animals of which he 
stated that one would probably be the 
certain 


intermediate host of a 


with a then unknown life history 


parasite 
One 
of the younger man’s associates under 
took the problem in life history, and 
found that one of these species was the 
host. The 


work gratefully acknowledged assistance 


intermediate report of the 


from many persons, and the omission of 
the older scientist’s name was probably 


because government scientists are sup 
posed to be paid for such work, and have 
no amateur status entitling them to cor 

pete for such trophies as acknowledg 
ments. One writer has blithely chucked 
a brick at another in print, in connection 
with a subject with which the latter had 
no direct connection whatever, and on 

a very remote and devious historical rela 
the 


heaved purely in a spirit of good, clean 


tionship, brick, apparently, being 


fun. As age comes on, it becomes increas 
ingly interesting to note that ideas set 
forth by one scientist many years ago are 
o or } 


elting 


commonly charged to writers of 
years ago, who, naturally, are not 
authority for accepted ideas, a form of 
carelessness unworthy of scientists. The 
1936 report of a highly important and 
useful organization contains a statement 
anthe! 


‘és 


in regard to recent research on 


minties, and concludes by saying From 
these anthelmintic studies it appears that 
there is now available for uncomplicated 
effective 
drug in tetrachlorethylene.’’ It is grati 
fying to report that these 1936 findings 


hookworm disease a safe and 


were confirmed over a deeade earlier by 
the two scientists who proposed the drug 











154 


in 1925 as an effective remedy for hook- 


worm infestation, and have been con- 
firmed by a decade’s extensive experience 
in human and veterinary medicine as a 
safe remedy. Concerning these things, 
one need have no emotional reactions. It 
is not letters to the 
authors or the editors, since the printed 


critical 


necessary to write 


records stand available to all 
scientists who seek for facts in the litera- 
ture and history of science, as well as in 
their laboratories, but they are mentioned 
here as the evidence from writers, who 
are here kept anonymous, as to the fine 
for truth and fact that 


acterizes too many scientists on too many 


disregard char- 


occasions. This disregard, as it appears 
in the performance of persons engaged in 
the pursuit of truth, is something of a 
disappointment. 

On the other hand, and most curiously, 
a sentence from one of my papers was 
referred to by a writer, within five years 
after its publication, as ‘‘an American 
saying.’’ When I read this, I feared for 
a moment that I was on the way to become 
a legendary figure or a solar myth. 

If our performance in science is not 
quite in keeping with our high status as 
seekers after truth, it 
expected that we will make a much better 
indi- 


is hardly to be 
showing in our performance as 
viduals. The motto of legendary Poic- 
tesme, Mundus vult decipi, is not fantas- 
tic—the world does wish to be deceived. 
This that 
deception, sleight-of-hand, 
miracles is no safe place for truth or 


admires 
and 


world desires and 


magic 


persons who are unrestrained in the tell- 
ing of truth. It is a worid in which those 
who wish the crown of martyrdom may 
find it, but the scientist has his work to 
do, and commonly manifests no eagerness 
to shorten the little span of life in which 
he may gratify his curiosity about this 
and that tiny segment of an extremely 
interesting and thought-provocative uni- 


verse, 
If the findings of scientists who range 
among the stars, or through the buried 
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strata of the earth, or into the chrom 
somes, do not in all respects confirm t} 
thoughts of the prophets, law givers an 
persons in high places, it is convenient 
and possibly advisable, to confine o 
findings and our derived opinions to 
selected colleagues, or hint at them, as |] 
do here, in such glittering generalities as 
convey nothing specific that might giv U 
offense to someone’s cherished childhood 
beliefs. 

Such behavior on the part of the scier nd « 
tist is in keeping with the basic and not sons 
too admirable habits of the human a) 
mal. For externally, as well as inter 
nally, the scientist is inhibited and 1 
still a 
existence; and physical, economic and iS 


strained. Life is struggle for Thou 


social suicide are alike distasteful t tual } 
normal human beings. Life is short, and 
the scientist’s art not merely long, but prehi 


While 
streets in search for work and sleep In 
will feel n hart 
eagerness to join them as evidence of his 


endless. thousands tramp the were 


**flophouses,’’ the scientist 
distaste for a society in which reward I 
bears no visible relationship to merit. Ii 
society displays a hypocritical attitude in their 
paying lip service to virtues which it does 
not practice, the scientist will invite no 
display of intolerance by specific public firmil 
criticism, even though he fail to pay com 
pliments. He will continue to follow in f lor 
his laboratory the methodology of con 
trolled experimentation, careful observa lay’s 
tion and sound reasoning, so far as he is settle 
capable of such difficult business, and, i! doing 
he is optimistic, he will trust that the 
human race will some day apply the same 
methodology to the matter of govern- 


ment, religion, society, business and simi- the ) 
lar collective enterprises. meas 
For the individua! must adjust t Such 


society, and that adjustment can be a 
quite happy one only in a non-existent 
society of intelligent and social-minded 


individuals. To-day’s emphasis in teach- hapy 
ing is increasingly on the development of that 
individual thinking, and psychology is pref 
emphatic as to the evils of mob psychol- mod 








and mass thinking. Yet this teaching 
isely the road to maladjustment to 
in a world in which no man and 
an may live in anything closely 
ximating honesty other than by an 
rd and apparently whole-hearted 
tance of the mores of the mob’s 14- 

d intellects. 
Until society applies the methods of 
ce to our community life, the living 
thoughtful persons will be warped 
deviated. Surely, thoughtful per- 
ns can not and do not conform their 
readily detectable as 
al remnants of the mores, taboos 
tribal neolithic man. 
izhtful persons can not subscribe to 


to modes 
customs of 


is contemporary, and on an intellec- 
par, with those of troglodytes who 
world infested with the 


equivalent of gnomes, elves, 


ed in a flat 
‘ehistoric 
rewolves and other demons who were 
pt at bay only by the use of appropriate 
the 
nal sacrifice of such individuals as 


rms, rituals and ceremonies, or 


man might select. It is 


h that the long-departed dead lay 


medicine 


r hands on us through heredity, mix- 


in us desirable and undesirable 
ngs, and by the element of chance con- 
firming a biological doctrine of predes- 
tion. It is too much that these dead 
ong ago should still determine all our 
ng, and that we should not settle to- 
they 
But in the 


ng of this, thoughtful persons shape 


v's problems for ourselves as 


ed them for themselves. 


ir living to such outward conformity, 
ch private evasions, and such inward 
jJustments as may meet the demands of 
and still allow 
easure of personal and individual life. 
Such a life is a blending of outwardly 


moronic herd some 


est and inwardly false living with 
itwardly and 
ng. It is an unsatisfactory and un- 
ippy compromise between an individual 


Tr ? 


false inwardly honest 


seeks for truth and a society that 


‘efers falsehood. It is, in fine, the same 


le of life as that of ail crooks, villains, 
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high 


and low degree, and so may be put down 


hypocrites, and social offenders of 


in the customary set terms as a failure of 
adjustment to society 

As usual, our set terms are a bit too 
inflexible, a bit misleading. As a pattern 
bad, intelli- 
gent and mentally defective, one may con 
clude from mode of life that, 


although a primitive savage may happily 


followed alike by good and 


such a 


obey his tribal taboos, civilized society 1s 
so constituted that honest adjustment to 
its pattern is possible to no human being 
whatsoever. This is probably true, and 
extent, the 
with wel- 


may, to some account for 


enthusiasm which mankind 
comes the dictator who promises miracles, 
pull 


sleeve, after the fashion with which 
tidigitators 


and proposes to from his hat or 
pres 
produce white rabbits, a 
social organization molded more ¢] sely 
to the heart’s desire of all. The scientist, 
who has lost his childhood belief in fairy 
godmothers, will feel little stir of surprise 
when the Promised Land of the dictator 
turns out to be a land in which all are 
molded to the pattern of the dictator, and 
no other person may call his soul his own. 
Yet the scientist will continue to hope for 
a society in which one may live honestly 
and speak the truth somewhat oftener 
than sometimes. 

In the individual life of the 
he likes to think that 


wheel and steers his car. It is, 


scientist, 
reason sits at the 
unhap- 
pily, only a conditioned thinking that 
makes him believe this. For the ear is 
full of back-seat drivers. The emotions, 
good and bad, this road; the 


endocrine glands on that; magic compels 


insist on 
this stop; pretense compels that Start ; 
and, in the end, compromise settles most 
of the arguments between the driver and 
the back seat. And 


foe of truth and honesty. So we 


compromise is the 
live 
falsely and compromisingly, and in de 
fiance of the categorical imperatives of 
Nevertheless, 
thus only reluctantly, and it is depressing 


science. some of us live 


to note that philosophers, metaphysicians 
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and even some scientists in high places, 
under visible pressure, openly set such a 
value on reason and such on the back-seat 
drivers as lead to the conclusion that it is 
a high philosophy to let one of the back- 
seat drivers take the wheel. Emotions 
which to our minds are not laudable are 
given preference—hates and phobias and 
childish pride in this or that unreal thing. 
In sum, the ‘‘amor fati’’ of Nietsche, an 
acceptance of life, nay, a rejoicing in 
life, as capable of no improvement except 
as a blind fate directs it, is set above 
reason. In the interplay of choice and 
chance, chance is elected ruler. It is a 
rejection of the brain as a reasoning in- 
strument and as a determinant in the 
destiny of mankind, and is a selection of 
automatism, as determined by adrenal 
glands and such lower organs, as better 
than conscious intellectual effort. Yet the 
scientist may question whether reason can 
be thrown out of the car, and whether 
there will be any gain or any less con- 
flict from putting reason in as a back-seat 
driver. For this restless mind is as in- 
destructible and as active as the emotions, 
and it, too, if it can not steer, will grab 
the wheel from the driver on occasion. 
and resume it as soon as possible. 

It is the fashion of some militarists, 
dictators and philosophers to laud the 
dangerous life, lived in the expectancy 
and realization of war, as a sharpener of 
wits and a developer of courage. The 
scientists may look with some contempt 
If we wish to fight, 
we need no wars, international or civil, 
Nature stil! fights us 
with her weapons of heat, cold, famine, 
disease and death, and in the war against 
Nature in the defense of mankind there 
is ample score for the qualities of sharp 


on this philosophy. 


to provide fights. 


wits and courage. The conquest of dis- 
ease affords ample opportunity for dar- 
ing, suffering and death on the part of 
the scientist. It calls for a quality of 
calm, intellectual, individual courage that 
is far superior to the emotional mass 


courage of men disciplined to unquestion- 


ing obedience to orders. The war on dis. 
ease has developed mental alertness far 
more evidently than has warfare of may 
against man, and intelligent persons 

general evidently prefer science to mi 

tary life. 
in man’s thousands of years of war, t! 


In the long lists of warriors 


really able generals can be counted 
the fingers of both hands; a mastery 
military strategy has been one of th 
rarest of accomplishments; and the tak 
of the world’s battlefields is mostly 
monotonous history of two opposing gen- 
erals making mistakes until one makes 
fatal mistake and the other wins by vir 
tue of his opponent’s greater stupidity 
With all the flaws of scientists who ca 
not measure up to a strict bill of specifi 
cations, the short history of science ear 
present a long list of able men as com. 
petent in science as was Napoleon in war 
scientists in general use strategy ar 
tactics of a much more complicated si 
than those of the military men, against 
enemies that moved by land, water, air 
and subterranean channels long befor 
man had mastered anything but la 
movement; they master their strat: 
and tactics so well that they quite 
erally win the innumerable campaigns 
which science engages; and the batt 
flags of science rarely bear the name of a 
battle-field from which science has gon 
away other than as a conqueror. T! 
battles we have not won are mostly tl 
battles we are still fighting. 
Psychologists and sociologists tell us 
that man goes to war because his peac 
time life bores him, it lacks the romance 
and adventure that he craves, it imposes 
responsibilities without compensatory re 
wards, and even to the minds of uncrit 
cal persons it is definitely not the thing 
which childhood pictured, which art and 
fiction paint, and which the heart and 
instincts desire. The blood of ancestra 
cavemen, soldiers and adventurers rebels 
at an overcomplicated and formal living 
in regimented modes. So thoughtful per- 
sons who love peace advise us to find an 
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attractive substitute for war if we wish to 
The scientist has such a sub- 
intellectual 


holish war. 


tute He has interests 


eyond those of generals, and he has the 


ards of injury, disease and death from 
; work with radium, x-rays, explosives, 
isons, bacteria, viruses and parasites. 

scientist, engineer and explorer, the 
rker hot steel and high-speed 
whinery, and all the company of those 


fly the 


with 


air, bore under rivers, fell 
great trees, and blast away cliffs—these 
ed no war to make life adventurous. 

But it is not solely the fact that the 
life has in it 
adventure 


elements of 
that 
the soldier’s 


scientist ’s 
and danger 
for 
intrinsically, those 


romance, 
makes it a substitute 
It has in it, 
ements of truth and honesty which we 
| to make possible a satisfactory ad- 
stment to life. 
in itso many elements of frustration and 


Our peace-time life has 


defeat that mankind turns readily from 
its subtle dishonesties to the simpler idea 
may match strength 

the battle-field much 
than he may match wits with a world of 


that one with an 


enemy on easier 
dishonesty that denies him, on lofty and 
egal and preposterous grounds, the right 
to earn a living, to play a dignified réle 
as a worker who returns a quid pro quo 
ife for his living, and to enjoy this 
brief span of years allotted to him before 
he descends to dust and ashes. War itself 
may assume the more honest aspects of 
warrior combat, with an honest assump- 
mn, at times, that 
ppeal to opposing strengths and skill, 
and it is often a bitter disappointment to 
the soldier that a war in which he thought 
he played an honest role as soldier and 


this is an admitted 


citizen turns out to have been fought for 
the low 
ind that when the diplomats sit down to 
the the 


dier’s ideals are forgotten, and the talk 


motives of so-called statesmen, 


terms of peace all of 


arrange 
is of theft and oppression to be arranged. 
Surely, an honest life, in which one may 
tell the truth sometimes, 


oftener than 
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would be a life in which peace might be 
maintained and war prevented 

To-day the ghosts of ancient war gods 
have come back from Antan to dethrone 
truth and to 


restore the and emo 


and reason and science, 
old reign of magic 
More than 
group, the scientist must resent and com- 
bat the the 


shadowy ore 


tion and might. any other 


return of these gods from 


limbo to which 


science, nl 


than other force, has dispatched 


them. 
are killing and mutilating civilian popu- 


any 
Even while the savage war gods 


lations as they have not been killed and 
mutilated the Middle Ages, it is 
still one of the most pathetic of to-day’s 


since 


spectacles to see outstanding scientists 
pay ing outward homage to the discredited 
and preposterous ideologies imposed on 
lexander and 
for a defeat 
but the doctrine that 
might makes right may be inspected in 
the light of the fact that 
quered the world by his brain, not his 


countries by the chosts of 
Ares. Mars 
Minerva vi et armis, 


may, time, 


man has con 
brawn, and that brains have not been con- 
spicuously an outstanding feature of mili- 
tary men. 

If all of this sounds a bit pessimistic, or 
if it suggests, unavoidably, the attitude 
of the elders in whom the fire is dying 
down, it is, nevertheless, an avoidance of 


the hypocrisy of smugness. Certainly, 
all is not well on a planet which reeks 
with gunpowder, and in which blood runs 
on battle-fields and before firing squads; 
and starvation march 


in which famine 


beside luxury and waste; in which frank 
expression of thought invites retaliation 
and suppression. It is a compliment to 
scientists that a scientist may say to them 
ideals to 


in some way and to some 


wherein we all fall short of the 
which we are, 


extent, committed. The preacher who 


speaks as frankly may face excommun- 
cation for heresy; the lawyer may invite 


being barred from practice for under- 


mining the dignity, so-called, of the law 
and the courts; 


the law maker may be 
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charged with sedition and treason; and 
in matters in general any of us might 
be branded as bolsheviks, the current 
term for anyone who disagrees with us 
on any matter whatsoever. 

Yet, even though scientists are cour- 
teous enough to listen to a statement of 
their shortcomings, what is the point in 
stating them? If there is a point, it is 
that science moves forward as the per- 
formance of scientists improves, and that 
by seeing wherein we fail we have taken 
a step toward a better performance. It 
is especially desirable that the younger 
ones among us should see wherein we 
have failed, and that the new generation 
of scientists avoid, to some extent, our 
mistakes. The new generation may real- 
ize, as we have not adequately realized, 
how essential it is that the scientist be 
honest with himself and his associates, 
even though we may admit, with suitable 
blushes for our cynicism, that he should 
confine his expressions of honesty, in most 
affairs, to such a few and carefully 
selected persons as can appreciate hon- 
esty. The young worker may realize 
that courtesy is one of the assets of per- 
sonality, well worth practising in scien- 
tific circles, and even admissible, without 
penalty, in most of the affairs of life. 
He may learn that one may, at least, 
have the courage to face the truth, even 
though he restrain his expression of it, 
and may thus avoid the sin of self-decep- 
tion. A younger generation of scientists 
may even make a slight impression on 
the world’s way of thinking, and perhaps 
nudge it a bit in the direction of better 
thinking. 

After all, the ascertaining and ex- 
pressing of truth is our business to an 
extent that ranges beyond the aims of 
most groups. Justice Holmes has said 
that the business of a judge is not to see 
that justice is done, but that the law is 
enforced. Doubtless he was right, but it 
is a depressing thought when one consid- 
ers by what uninformed individuals laws 


Certainly the business of 


are made. 


business is to make profits, but it seems 
an inadequate objective in a cheerless 
sequence of depressions, failures and 
employment, the results of a pla 
economic system managed by persons w| 
need only capital or credit to engag 
business, and subjected to no other \ 
mand for qualifications. The business 
medicine is to make people well or kee; 
them well, but it has long been a n 

of worry to conscientious and thought! 
physicians that they should cure the si 
in order to return them to slums, p 
erty, vice and crime, knowing that, w! 
they go too far astray, a society on w! 
lies the primary guilt of neglect a 
stupidity will settle with the delingu 
individuals by the too simple expedient 
of executing them. By comparison wit 
these other occupations, the scientist's 
search for truth seems exceptionally d 
Not infrequently the scient 
contributes in highly practical ways 
the betterment of life and living, | 
unfortunately, he can contribute 


sirable. 


and very slowly to the human race in t 
way of improvement in its thinking, : 
can he ensure that what he contribut 
other ways will benefit those most in 
of the benefit. 

If we could assure ourselves of 


thing, we could view the future of hun 
ity with some degree of optimism. If 
could but be sure that in his progres 
‘rom Pithecanthropus erectus, or su 
other primates as you prefer, if we ¢ 

be sure that with all his ups and downs 
with all the peaks and troughs in 
curve of development, man has ma 
some little progress in his developm 
of intelligence, as he has ia his lear 
and has come even a little closer t 
desire for and an appreciation of trut! 
we might go from this earthly scene v 
some expectation that in time the w 
would be a place in which truth m 
walk in safety. For the scientist realizes 
that in all things there is a time fa 
and that we have a reasonable expecta! 
that man will have the benefit of a quit 














time factor. 
sand years, or ten thousand years, 


y nie 


We can specify a 


; probably available for the working of 
Ss ich other factors as may lead to real 
ress, could we but be reasonably sure 
that the curve of man’s history shows any 
ward trend of definite progress. 
Without too definite assurance on that 
score, the evidence, nevertheless, suggests 
hat man may have made progress along 
lines of greater intelligence. It is a 
plicated and not a clear-cut progress. 
By comparison with the other animals, 
human primate has forgotten how to 
a good animal, partly, perhaps, be- 
iuse he has, to some extent and in one 
way or another, sought to suppress what 
called the animal in him, forgetting 
at, as a rule, animals have some admir- 
e qualities. They do not wage war on 
ir own species, they do not complicate 
ir living by the making of laws and 
les that fit no individual whatever, and 
eeneral they manage to live in herds, 
ks and packs with little need for ex- 
Even the highly 


al ants and bees seem to have no such 


sive blood purges. 
dequate and badly suited rules and 
ilations as call for the large-scale pun- 
ments, banishments and disciplinary 
tion which man, this misealled social 
mal, has elaborated. It has remained 
man to make of property something 
ther than a thing of use and enjoyment, 
to evoke from it hatred, envy, jeal- 
creed, theft, violence, racketeering, 

r and the other unlovely and niggardly 
that 
regards himself as a 


misconduct characterize 
that 


iman soul of a quality superior to the 


Ss and 
S animal 
is domiciled. 


man animal in which it 


Nevertheless, one might judge that from 
the ameba to Pithecanthropus, there was 

me growth in intelligence, and, some- 
vhat hesitantly, might affirm that among 
Q.’s 
by our standards, than that of 


vlern mankind there were LI. 
S | iol er, 
Pithes anthropus. 

for truth, the 


dence of progress is gratifyingly bet- 


As regards the search 








SCIENTISTS SOMETIMES TELL THE TRUTH 


ter. In the entire city of Syracuse, th 
Roman soldiery could find but one Are! 

medes to slay. To-day a well placed 
bomb might slaughter dozens of scien 


few of 
’ Archi 


medes, nevertheless a judicious selection 


tists, and if there are still these 


of a stature comparable to that of 


of the time and place might easily result 
in the destruction of a National A: 
of Science, and bring to some apprecia 


‘ademy 


tive aviation officer a well merited sense 


of satisfaction. So we may say, quite 
candidly, that in these matters we have 
made progress 

To the younger scientist we might Sa 
the law of compensation 


We still pay 


or another for what we get, 


that, apparently, 
is still In force in one 


and the art 


way 


of living, seemingly, consists in seeing to 
it that what we get is worth what it cost 

The too casual thought of a world don 

nated by the herd thinking of low IL. Q.’s 
and the mental aberrations of high I. Q.’s 
have developed ideals which are definitel 
Although it 


pressed on the plastic minds of our child 


unsound. has been im 


hood that wealth, fame and power are the 
desirable things in life, we have the testi 
mony of history and of those who at 


tained these thines that they quite gen 
erally lead to grief and disappointment 
lhkely to 
be disturbed by the problen s of wealtl 


Fortunately, the scientist is not 


If he attain any measure of fame, he will 


note, unless he take himself too s 
ously, that there is no great nourishment 
in achieving what any first-c] 


and 


friendship and regard of COl pete! S ¢ 


iSS gangster 


achieves to some that t 


extent, 
leagues are better things. The 
may wield is the power wielded, not b: 
personalities with the gifts of 
ruthlessness, 


military skill and 


power of fact, truth and rea ity al work 
If his teaching has been sound, he wi 
that we know 


realize very little of the 


truth about anything, that what we a 
cept as truth at the moment is accepted 


reservations to the effect that our 


find it 


with 


rauity In one 


will 


Successors 
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respect or another, and that one reason 
we tell the truth at times, but not always, 
is that truth is difficult to grasp by any 
finite mind dealing with infinite things. 
In time he may achieve a gratifying mod- 
esty. 

This modesty will increase as he real- 
izes that human beings are ill-prepared 
to meet the specifications of a scientist. 
The possession of initiative, imagination, 
curiosity, technical ability, keen powers 
of observation, soundness of reasoning, 
precision of thought, intellectual honesty, 
and moral courage is something not 
granted in any large measure to the sons 
and daughters of men. Some two or 
three of these things we may have, but 
certainly not all of them. 

With whatever modest equipment of 
this sort he may have, and with a realiza- 
tion of his limitations, the young scientist 
may still feel that in his practice of the 
art of living he is driving no bad bargain 
in investing his time and energy and in- 
tellect in a search for small fragments of 
truth and reality. Life is apportioned, 
in more or less equal parts, to work, rest 
or recreation and sleep. The scientist is 
usually one of the fortunate few that 
have congenial occupations, congenial 
and interesting associates and comfort- 
He is paid to satisfy his 
curiosity, a happy arrangement for 
those who have any curiosity. When he 


able beds. 


has found some truth he can publish it, 
provided it is of such a nature or so 
worded that it does not conflict with 
established mores or business interests. 
In this land of freedom of speech and of 
the press, he can tell the truth—some- 
times. In that respect it appears that the 
American scientist is fortunate above 
many of his foreign colleagues who must, 
in this modern scientific age, confine 
themselves to the authoritarian pattern 
which science long ago rejected. 

At this time there is uncomfortable evi- 


dence that the right to tell the truth is jy 
great and growing danger at home and 
abroad. Since the World War, govern. 
ments have become increasingly host 
to the telling of truth and to all thought 
ful people, including scientists. Diplo 
mats—the superlative of the old series of 
liars, damn liars and diplomats—and 
super-diplomats in the form of dictators 
dominate the world’s thinking and ex- 
pression of thought. In this country we 
are developing a mode of expression fron 
which one notes, with surprise and dis 
comfort, that among our magnificos, erit 
cism of the ability and uncertainty of the 
honesty of, at least, some business mer 
and business methods is regarded as a 
form of treason. 

If truth and truth telling is in danger, 
it concerns the scientist. Is there any 
likelihood that the scientist will do any- 
thing about it? Very little. With some 
confidence, we can assert that the scientist 
will follow the classical pattern of Archi 
medes, and will draw his plans in the 
sand or work in his laboratory, as he is 
doing in Spain and China, until high 
explosive terminates him and his work. 
As individuals or as a group, scientists 
can be expected to do little about a world 
bent on making itself unhappy. 

In time, however, the scientific method 
may be expected to prevail. When that 
time comes, when government, politics, 
religion and business put off childish 
thinking and adopt the methodology of 
honest search for fact, truth and reality, 
scientists may teli the truth, and not 
merely sometimes. When that time 
comes, probably anyone can tell the truth 
And that will be most agreeable to us 
For, after all, the ascertaining and telling 
of truth is the business of the scientist, 
and an honest world in which one might 
live honestly should not present problems 


for the scientist in adjusting to society. 
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OUR MUSCLES AND OUR MINDS 


By Professor G. L. FREEMAN 


NORTHWESTERN UNIVERSITY 


WHENEVER a person says he used his 


rain’’ or asserts that his ‘‘head’’ is 


he implies a theory of the mental 
which finds little support in current 


irch. Ever since it first received 
al notiee in the writings of Gall and 


irzheim this alleged mental organ has 


overworked in the explanation of 
vior. By popular acclaim it is the 


rain which thinks, controls our actions, 


us how we feel and what we should 


about it. In such deifications it is 


; 


} 
ye 
/ 


to discern the vitalistie countenance 
he ‘‘soul’’ hidden behind a set of 
) wrical false whiskers. The diseov- 


of the sensory areas of the brain was 


I 


n as inescapable proof of the point 


juncture between the material and 


itual universe and it was thought 
all the difficulties of consciously 
cted action could be met either by 


ntrospective analysis or by the surgeon’s 


YY 


This idea is now so generally in- 


rained that mental healing cults have 


le rapid strides forward in decades 


4] 
tT? 


hen seientifie progress leads in opposed 


‘tions. For while popular interest 
e mind-body problem has languished 


a fixational complex for the brain, 


t} 


| ; 


rtant developments have taken place 
e laboratory. 
was not until the search for centers 


‘ifically associated with the higher 


tal processes suffered a telling ex 
mental disproof that the brain’s 


iim to mental determinism was seri- 
sly questioned. In fact, very little 


ryt 


; 


ro 


wr 


erest was displayed in what made it 


n, 


‘tion in the first place. By implica- 
the mind was regarded as a tabula 


1 upon which external stimuli might 


; 


e as they pleased, and the matter of 
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inter-neural dynamics was quite neg 
lected in the zeal to concoct a palatable 
scientific stew out of introspective obser 
vations on the flow of mental life and the 
brain processes hypothetically associated 
with them. Repeated demonstration of 
the linkage of brain processes with the 
total neuromuscular reaction sequence 
finally brought us out of this state of in 
tellectual coma. The idea that the brain 
can carry on its traffic more or less inde 
pendent of the rest of the body Is now 
generally recognized as inconsistent and 
myopic. Instead of being merely hand 
maidens and servants to the brain, th 
muscles are seen as important regulators 
and determiners of its function. Physio 
logical psychology has moved on to the 
more promising task of finding out the 
ways and means by which the muscles 
affect mental activity. 

It is now generally recognized that 
study of the dynamic relation between 
muscular action and mental process leads 
especially to those maintained states of 
slight contraction known as muscular 
tensions rather than to the overt 
**phasic’’ activities such as occasion the 
moving of a limb. The relationship has 
been approached experimentally from 
two directions: the first varies some 
phase of behavior and observes the re 
sulting changes in muscular tension; the 
second alters the tension of the subject 
directly and observes its effect upon per 
formance. Both procedures have been 
used extensively and witl remarkably 
consistent results 

Individuals who persist in completing 
mental work that has been disrupted or 
who engage in a second line of behavior 


upon frustration of a first, are found to 
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have increased muscular tensions. Com- 
pensatory reinforcements by way of in- 
creased tension also occurs in combating 
the deleterious effects of protracted work, 
as when an individual shows no decrease 
in objective work output but has to in- 


crease progressively his muscular ‘‘en- 
ergy’’ input. Performance following 


severe sleep loss is often continued with- 
out objective decrement due to the mus- 
cular accompaniments of increased effort. 
Heightened tensions and _ excitability 
resulting from irritating experimental 
situations correlate with self-ratings of 
emotionality. 

But while annoying situations, new 
tasks and serious thwart to activity in 
progress raise the tension level—habitua- 
tion, learning and removal of inhibition 
are accompanied by relaxation. Both in 
the acquisition of verbal associations and 
in the development of sensori-motor hab- 
its, it seems that the curve of work out- 
put and the curve of supporting neuro- 
muscular action are inversely related. 
In the initial stages of learning gross 
tension is apparently necessary to accom- 
plish a minimum of output. As learning 
progresses, increased performance is 
accompanied by reduced tension. 

It should not be inferred that tension 
ean be increased indefinitely without 
adversely affecting both the quantity and 
quality of performance. Many activi- 
ties, such as playing golf, are rendered 
less effective under excessive tension. 
Such evidence suggests that ‘‘con- 
sciously’’ directed action is sometimes 
facilitated and sometimes inhibited by 
muscular tension. Analysis of this basic 
problem has come largely from experi- 
ments where tension is altered experi- 
mentally and its effects observed on some 
standard test performance. Under ‘‘pro- 
gressive relaxation’’ there is a reduction 
in sensory acuity and reflex response as 
well as in more complicated mental ac- 
tivities. Experimental alteration of the 


postural state indicates that different 
types of activity are inflected from 
facilitative to inhibitory effects at dif. 
ferent points on a scale of gradually 
increasing tensions. Excessive tension 
raises output in simple motor perfor. 
mances and increases sensory acuity, but 
is harmful to tasks involving delicate eye- 
hand coordination and reasoning. In- 
fluencing factors other than the amount 
of tension are its locus in relation to the 
bodily parts engaged in performance and 
its timing. With these matters under 
control it is possible to describe for a 
given individual in a given situation his 
efficient working level, where a maximum 
performance output is attained with a 
minimum muscular input. 

These results suggest that the older 
notion of the brain controlling the rest 
of the body should be replaced by its con- 
verse. Mental activity becomes a purely 
relative matter—and that relativity is 
supported largely through the muscular 
processes. The highest degree of con- 
sciousness or level of adjustive response 
carries over a limited range of reactivity 
Mental processes suffer as the supporting 
postural substrate falls below or exceeds 
these limits. 

We must be clear of two misconcep- 
tions, else we miss the main point of this 
interesting relation. One confuses mus- 
cular power with the ability of the in- 
tegrative mechanism to use advantage- 
ously excitation derived from the muscles. 
The other attempts to postulate a one-to- 
one relation between specific muscular 
processes and specific mental acts. 


Until recently, most people would have 
treated as absurd any notion that their 
mental processes were as intimately re- 
lated to their muscles as to their brains. 
When suddenly assured that this is the 
ease, they have difficulty in orienting 
themselves to the changed notion. Un- 
able to understand just why his muscles 
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should be of any more importance to 
thinking than his heart or his liver, the 
average man desires to be on the safe side 
so far as mental vigor goes. And since 
psychologists have been none too articu- 
late in explaining the relation of mind 
and muscle, he listens, perforce, to the 
more voluble claims of the physical cul- 
turists. Forgetting that the old adage, 
‘‘a strong back and a weak mind,’’ may 
still hold, he often jumps to the fallacious 
conclusion that a beautiful physique in 
and of itself will develop mental power. 
As a result many muscular nostrums 
have developed. Chiropractic offices are 
filled with patients awaiting ‘‘adjust- 
ents’’ ealeulated to restore their vital- 
ity. Department stores show all manner 
‘ ridiculous contraptions for rejuvena- 

m of various parts of the body. The 
correspondence courses in muscle build- 
ing do a thriving business, and the 


‘daily dozen’’ has become an excruciat- 
ing feature of many an already harried 
life. The pathetie thing about all this 


well-meant but generally misguided 
effort is that it has accomplished little 
that it apparently hoped to do, In- 
somnia is as prevalent as ever and the 
number of insanities which can be traced 
indirectly to neuromuscular hyperten- 
sion is on the inerease. Individuals who 
should have been drugged to sleep have 
often been urged to exhaust themselves 
further, while others who needed some 
exercise have tried to take a ‘‘rest and 
quiet’? eure. To the stupidity with 
which man has always abused his neuro- 
muscular mechanism there is now added 
a latent and misdirected solicitude for it. 
Mere drill in the outward signs of mus- 
cular exercise and relaxation will have 
little effect upon the mental processes. 
For if these are sustained by a backlash 
f excitation from the muscles, as we 
have reason to believe, adequate adjust- 
ment becomes a matter of effective use 

the excitation in neural integration 


0 
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Doctors 
can thus advise rest, exercise or change 
of scene without limit, but 
patients learn how to control their own 


and not one of potential power. 
unless their 


energies, the value of the prescription is 
questionable. 

But if the layman has been mistaken 
in his notion of the relationship of mind 
to muscle, many psychologists now seem 
When the 
search for the bodily processes associated 
with thought finally led to the muscles, 
it was a great day for the behaviorists. 


to have been equally in error. 


Most motor theories of consciousness de- 
veloped by this school turned to the pos- 
tulates of the completed cireuit of the 
reflex 
occur only when sensory stimulation of 


are. Consciousness was said to 
the brain eventuated in some specific 
All that was required 
to produce this mental froth was for some 
muscle group to act ‘‘overtly’’ or ‘‘tenta- 
tively’’ or ‘‘implicitly’’ and so complete 
a specific circuit through the complicated 
neural switchboard. 

This idea has been very attractive to 
many offered a simplified 
method for the objective study of mental 
activity. All they would need in order 
to find out what John Smith was think- 
ing about was to record the movements 
made by his tongue and larynx. It is in 
no way clear, of course, just why any one 
should assume that the tongue must be 
in motion when a man thinks. 
would eall the gabbler a deep 
thinker ; for we have often observed that 
a person who handles words most fluently 
has actually very little to say. Much 
true thinking seems quite inarticulate. 

But thought was a great 
block to the theorists and it 
connected with some specific motor sys- 
tem. It was fairly logical to assume that 
one had the consciousness of red because 


motor response. 


beeause it 


Few of us 


social 


stumbling 
had to be 


a peculiar retinal impulse passing into 
the brain was shunted out along a given 


pathway to the eye-muscles; or that we 
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experienced sounds because of the motor 
adjustments made by the auditory appa- 
ratus. In casting about for an unas- 
signed group of muscles with which to 
link thought, one of the early behavior- 
ists hit upon the larynx. The vocal 
apparatus of many individuals has sub- 
sequently suffered all manner of indig- 
nity in an attempt to verify this hypothe- 
sis. Movement analyzers have been tied 
to the tongue and the voice box prodded 
with sensitive needle electrodes. The 
results are all disappointingly negative. 
There is wide-spread muscular activity 
during thought (including swallowing 
and tongue movement), but there is prac- 
tically no evidence that such activity is 
specifically localized in the throat. 

Now we have seen reason to believe 
that some sort of muscular activity is an 
essential condition for mental activity. 
But the notion that each particular brain 
process is supported by activity in par- 
ticular muscle groups is open to serious 
question. For one thing, it is neurologi- 
eally naive. There was a time when it 
was plausible to assume that the ringing 
of a special cortical ‘‘bell’’ was accom- 
plished by the closing of a sensory-motor 
circuit through it. But it is now gener- 
ally apparent that neural processes are 
much more complicated than this ‘‘re- 
flex’’ theory of mind concedes them to be. 
The balance of evidence favors the view 
that the nervous system acts as a total 
integrated unit rather than as a mere 
ageregation of isolated pathways. The 
principles of irradiation, induction and 
altered excitability are more or less for- 
eign to the analogies of the telephone 
system. 

Another and more reasonable explana- 
tion of why muscular action is essential 
to mental action is reached by going 
directly to the nerve-cell. The brain is 
made up of a mass of these cells, each of 


which will respond in varying degrees to 
the same externally initiated energy 


change, depending upon its state of 
physiological readiness or ‘‘vigilance.” 


The vigilance of a nerve cell is deter. 
mined by the substances carried to it 
the blood and by the excitations irradi. 
ating from other nerve centers. A ¢ 
may fail to react adequately when the 


is a lack of either nutritive material or 


intra-neural stimulation. Asphyxiat 
narcosis and the presence of other tox 
substances in the blood lower the 
ciency of cell-reaction by lowering its 
vital condition. Lack of neural exeit 
tion irradiating from other centers see 
to have much the same effect. It now 
becomes a question of where this int) 
organic stimulation is derived. The p 
prioceptive excitation delivered int 
central nervous system by the process 
of muscular tension seems to supply 
major portion of it. When the mus 
relax, a great deal of the nervous curr 
necessary to normal brain functi: 
ceases; external stimuli are relativ 
ineffective in eliciting responses ir 
absence of such reinforcement. Si 
results not so much from toxin s 
stances in nerve cells as from the restr 
tion of muscular activity. 

Let us state the idea in another y 
The experience of a sound is depend 
upon the excitation occasioned by a: 
ternal energy source plus internal ‘‘ 
ergy’’ derived from the backlash of ex 
tation from the muscles. We might 
on to say that the experience car 
heightened even further by increas 
muscular effort. This was exactly w 
occurred in certain experiments, wl 
increased tension lowered sensory thres 
olds, shortened learning time and e' 
compensated for lowered vital condit 
due to sleep-loss and fatigue. 

We shall not stop here to detail how 
the summation of externally and int 
nally developed energies might ft 
place. For our purposes it is simpler 1 
speak of the muscular processes as aiding 
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to a certain point those higher ner- 
1s processes which we call mental, then 
ting their disintegration in states of 
ssive reactivity. That these facilita- 
and inhibitory effects act to prepare 
civen level of response adjustment 


rather than to complete an isolated neu- 


reuit is an inference based partially 
the study of the spread of neuro- 
lar excitation, partially on the 
“lige that the extrapyramidal 
motor system anticipates and sets 
stage for reaction of the pyramidal 
ic) motor system and partially 
the fact that no highly specific pat- 
| of supporting tension is apparently 
sent during mental work. 
dependence of effective mental 
upon the character of the postural 
strate has important general implica- 
While final confirmation is far 
m complete, it now looks as if this re- 
n could be expressed by a function 
lar to that shown in the graph. This 
‘ates that organic input increments 


(which includes the autonomic processes 
as well as the associated skeletal ten- 


+} 


sions) support increasingly effective 
performance up to a certain point, after 
which more excessive reactivity is accom 
panied by performance of decreased 
effectiveness. Performance levels main 
tained at the beginning of the curve 
would be akin to sleep whereas those at 
the end of the curve would represent 
complete mental and emotional collapse, 
though the height of performance at- 
tained and the range of reactivity cov 
ered would vary considerably with indi 
viduals. In all cases, however, it should 


e most efi 


be possible to deseribe as tl 
cient working level, a point on the graph 
beyond which increments in organic in 
put produce decreasing ga 

formance. 

If effective performance is judged as 
that occurring within the most efficient 
working limits of the average human ma- 
chine, great will be the striving to keep 


within the proseribed bounds. Because 
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ORETICAL RELATION BETWEEN THE EFFECTIVENESS OF ** MEN’ ACTIV y 
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of factors making for individual differ- 
ences, one man may be able to work below 
the most efficient level of his individual 
curve and still attain the average pro- 
scribed efficiency for a given task. More 
serious will be the cases of men who must 
work beyond the efficient level of their 
individual order to attain 
performance equivalent to that which 
superior machines can accomplish with 
less energy expenditure. Their systems 
definitely and 
remedial procedures are instituted they 
for mental 


curves in 


are overloaded unless 
frequently become headed 
disorder and collapse. 

It is not surprising that people who 
are fortunate enough to be absorbed in 
interesting work are inclined to give Lit- 
tle attention to the drain being made 
upon their postural energies until their 
mental health is in danger of being im- 
paired. This, however, is not the best 
time to attack a bad habit. The farther 
out of equilibrium that a reaction swings, 
the more difficult it is to reestablish bal- 
ance. Our studies of the relationship 
between mental and muscular activity 
have brought us into contact with a large 
number of debilitated 
The question most 


professional 

frequently 
asked is ‘‘How can I make myself re- 
lax?’’ In most cases such people are 
working beyond their most efficient level 
of energy expenditure. 


people. 


The autonomicec- 
glandular processes are beginning to con- 
tribute heavily in the mobilization of 
organic processes are 
more difficult to relax away and tensions 
which apparently essential for 
handling certain difficult situations begin 
to persist after the need is discharged. 


resource. These 


were 


The differential relaxation normally at- 
tained in reading a book gives place to 
a posture involving uselessly wide-spread 
The individual is often 
night due to residual 


bodily activity. 
kept awake at 


hypertension or related visceral disor- 
Shortly there occurs changes in 


ders. 
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tend 
work 


whie 


his mental attitudes and behavior indi. 
eating that he is losing his grip on a 
rational, highly integrated adjustment 
to his situation. He becomes irritable 
unstable. His — 
friends begin to avoid him and he him = 
self may begin to think he is losing his 
mind. 
which taxes his power of adjustment as 
never before and he makes a critical fail 
ure. The types of disorders 
which accompany this final state of « 
lapse are well known to the psychiatrist 
He, however, is like a captain called upor 
the bridge after the ship has started t 
sink. For just as a boat loaded beyond 
its ‘‘plimsoll mark’’ will not bear 
through a rough passage, so an already 
overloaded human machine is likely to g 
down in trying to difficult 


ereal 


peevish, emotionally 


tin 
m ° . near 
Then comes a conflict situatio 
snou 
a ho 
: ficul 
various 

with 


meet a 
emergency. 

It is proof of yet untouched areas that the 
we know scarcely nothing 7 
mechanisms involved in the 
Apparently two general factors co. 
tribute to the ability to withstand break 
down under load. One might be called 
the drive ‘‘libido’’ or potential bod 
energies which can be mobilized for ac 
tion. The factor 
directional control, ‘‘ego’’ 


about th +f 
neuroses 


other refers to tl 
or degree of 
inhibition and coordination exerted by 
the higher nervous centers over the bas 
The interrelation of 
these two factors will probably help t 
explain why some human machines react 
under load by regression to behavior 


organic resources. 


characteristics of a lower than average 
energy level while others progress to the 
abnormal behavior of the hyper-active 
level. The basie answer lies of course i! 
further research. 
Meanwhile, what can be done for 
person who is constitutionally mo. » tense 
and ‘‘nervous’’ than the average . 
fellows? For one thing, such individuals 
ean seek lines of endeavor which will not 




























tend to emphasize this condition. Any 
work which sets an impossible pace or one 
which ean not be mastered except by the 
greatest effort should be avoided. In 
ease, however, that the individual is well 
launched on a difficult career and enjoys 
it in spite of its demands, he should take 
heart. A man of superior intelligence 
should not be urged to begin carrying 
: hod, simply because he experiences dif- 
ficulty in meeting complicated situations 
with the calmness of some other people 
engaged in similar performance. Habit- 
uation to such work should produce some 
reduction in tension. Many individuals 
have acquired ease in their dealings only 
as the result of years of experience. It 
‘‘vears of experi- 


« 


1S only those whose 
ence’’ have produced counter effects that 
ire a serious problem. If each day’s 
work is more exhausting, if each new 
situation is handled less adequately than 
the last, if each night’s insomnia indi- 
eates the presence of more residual 
hyper-tension than the one before, then 
there is need for some drastic change in 


the organization of one’s life. Small 
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wonder that many individuals in such 
plight have subscribed to all manner of 
quack and nostrum. We can only wish 
that these had done as much good as they 
have harm. 

There is one very bright hope for those 
who find themselves habitually tense and 
excitable. If such people can acquire 
inhibitory control and coordination of 
their activities in the face of a hyper 
active postural substrate they may come 
actually to excel more phlegmatiec indi 
viduals ; if they can learn to harness their 
machine, it should produce not only more 
intellectual goods but also goods of finer 


Many 


of our most successful men are dynamos 


quality than a sluggish machine 


of neuromuscular energy behind their 
surface of exterior calm. They are ap 
parently separated from certain inmates 
of our state asylums by a rather narrow 
line. They have learned to coordinate 
and control rather than to dissipate and 
abuse. And the majority of them will 
say that they did this thing by them 
selves, not by the applications of a 


rubbing doctor. 
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WASHINGTON, D. C. 


HARNESSING THE SUN’S ENERGY 

The dream of converting sunshine 
cheaply into some form of practical 
power, such as electricity, is undoubtedly 
closer to realization than the release of 
the supposed power within the atom. 

The earth’s imports of solar energy 
are about all that it receives from outer 
space that is of any consequence. Im- 
mense quantities of energy are received. 
During the three months of greatest sun- 
shine in the temperate zone, an acre of 
land receives directly from the sun an 
amount of heat equivalent to the burning 
of approximately 250 tons of high-grade 
coal. 

Only a minute portion of this energy 
is captured and converted by plants 
growing on the land—some two or three 
tenths of one per cent. Our modern in- 
dustrial civilization is possible only be- 
cause inefficiently, but in impressive 
quantity, the past ages stored up sun- 
shine in coal, oil and gas. 

The search for more efficient solar 
energy utilization is being energized by 
Dr. Godfrey Lowell Cabot’s gift to the 
Massachusetts Institute of Technology. 
Professors and students will be spreading 
a research net for new facts and appli- 
cations. 

The program has three directions: (1) 
Means for utilizing solar heat to operate 
engines to deliver mechanical power. 
(2) The possibility of converting solar 
radiation into electrical energy. (3) 
Chemical conversion of sunlight into 
forms available for work. 

Mirrors might concentrate the sun- 

1 Watson Davis, director, Frank Thone, Rob 
ert D. Potter, Jane Stafford, Emily C. Davis and 
Marjorie Van de Water, staff writers. 


shine and feed it to engines operating or 
small temperature range at low upp 
temperature, with small first cost and low 
maintenance. 

Hope for electricity directly from sur 
light lies in improving the low efficier 
of vacuum or gas-filled photoelect: 
cells, thermopiles and boundary-layer ap 
paratus, such as the copper-copper ox 
cell. 

There is possibility of eventually dis 
covering chemical compounds that cai 
absorb sunshine and convert it econom 
ically into stored energy. 


RUBBER BEARINGS IN UNDER- 
WATER WORK 

Add rubber to your list of unusua 
materials now being used for surfaces o! 
bearings. Copper, lead, babbitt metal. 
rarer cadmium and indium, even silver, 
are the best known members of the bear 
ing family, for they all possess special 
properties of toughness, long wear, cor 
rosion resistance or other desired char 
Flexible, yielding rubber 
seems a strange addition to this bearing 
family. 

And yet, when you study the places 


acteristics. 


where rubber bearings find usefulness 
the application of rubber is not too sur 
prising. Pumping systems for drinking 
water and many solutions used in the 
preparation of foodstuffs or beverages 
comprise one application. A few others 
would include: high-speed motor boats, 
underwater marine work, hydraulic tur- 
bines, centrifugal pumps, agitators, wash 
ing machines and domestic and indus 
trial liquid-handling equipment. 

Secret of rubber’s usefulness as a good 


bearing material is its ability to suffer 
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ght displacements and yet keep a tight 
Thus a grain of sand or other hard 
le only makes the rubber surface 
and does not foree the particle into 

xle, or bearing surface. 
\s reported to the Institution of Me- 
al Engineers in London by Sydney 
Brazier and W. Holland Bowyer, 
r or other fluid, and not oil is the 


\ 


ant with rubber bearings. A series 

ts are provided in the bearing and 
fluid passes, rather freely, through 
se interstices so that it can wash out 
particles and also remove heat, for 
ber’s heat conductivity is so low that 
s factor is a problem in the use of these 


nos 


As deseribed in Mechanical Engineer- 


he use of rubber entails no sacrifice 

bearing life, for oftentimes a rubber 
ng will outwear a metal bearing 
r the same service conditions. 


“SHAPE” OF RAINSTORMS AND 
THEIR EFFECTS 

Rainstorms have shape and structure, 

these determine to a large extent 
r effects for both good and ill. This 
long been realized in a general way, 
t has not been until lately that even 
pproximation of close study of these 
y important meteorological phenom- 
has been possible. 

At the recent national meeting of the 

erican Meteorological Society, the 

ject was discussed by representatives 
two different parts of the U. S. De- 
rtment of Agriculture: Dr. Merrill 
rnard, of the U. S. Weather Bureau, 

Dr. C. W. Thornthwaite, of the Soil 
nservation Service. 

One of the principal handicaps in the 
minute study of rainstorm shape 
structure has been the relatively 
spacing of observation points. The 

ngages and other instruments neces- 

ry for obtaining data have been located 
ties scores or even hundreds of miles 


apart, with scattered supplementary sta 
tions maintained in smaller places by 
volunteer observers. Records have been 
taken, as a rule, only once or 
day, so that a cloudburst of an 
an hour might appear on the ree 
a 24-hour precipitation 

However, with the simultan 
vent of depression and drought, 
lief consequently necessary for many 
farmers, the ill winds have been taxed 
for at least a modicum of scientific good 
Weather-recording set-ups have been es 
tablished in a thick network over a whole 
river watershed in Ohio, with a 
kept by an instructed farmer about 
four miles. Reeords can be taken 
half-hour or even every fifteen m 

It has thereby become poss 
assembling and digesting the vast 
of data in central computing offi 
learn where the rain has fallen 
est and for how long. The extent 
movements of the rainiest and 
**driest’’ parts of a rainstorm have been 
ires of run- 


off, soil erosion, local floods and 


traced, and quantitative fig 
long-desired but hitherto unavaila 
data have been obtained 


SOYBEAN VARNISHES 


It is just a bit more than a year now 
since active work on most of the projects 
at the government’s Soybean Laboratory 
at the University of Illinois got under 
way. And in that year America has been 
diligently trying to learn about soybeans. 

Thirty-six different varnishes contain 
ing 100 per cent. soybean for their oil 
content have been developed and are now 
undergoing exposure tests to determine 
their aging properties, accord 
Henry G. Knight, of the U.S ireau of 
Chemistry and Soils, reporting in Indus 
trial and Engineering Chemistry 

The acid, alkali and water resistance 
of many of these oils is excellent, adds 


Dr. Knight. who urges that some of them 
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appear to justify their immediate use for 


certain purposes. All that needs to be 
realized by the user in applying the new 
soybean varnishes is that their drying 
time is not as rapid as the super-quick 
lacquers which are so popular for many 
uses. 

The work of the soybean laboratory 
is, in many ways, a race with increased 
production of soybeans by the American 
farmers. In 1926 only 2,646,000 pounds 
of soybean oil were crushed. In 1937 the 
erush will be near 200,000,000 pounds 
when final figures are compiled. 

Soybean oil, oilmeal, soybean flour and 
other food stuffs are some of the products 
of the soybean tree. Among its indus- 
trial and food uses are: paints, enamels, 
varnishes, printing ink, linoleum, plas- 
tics, shortenings, margarine, foundry 
cores, livestock foods, flour, soy sauce, 
dietetic foods, infant foods and bever- 
ages. From the protein content of soy- 
beans a leading automobile manufacturer 
is now making a synthetic fiber quite com- 
parable with the Italian trick of using 
the protein in milk casein for the same 
purpose. 


VITAMIN A IN DAILY DIET 


Doctors and nutritionists tell you to 
drink plenty of milk and eat plenty of 
fresh fruits and vegetables every day in 
order, among other things, to insure get- 
ting enough vitamins. But maybe you 
have wondered how much is plenty. 
Having learned to count your calories, 
perhaps you would like to be able to 
count your vitamins instead of guessing 
at them. 

Vitamins are measured by what are 
ealled ‘‘units,’’ a unit being the amount 
that will produce a certain definite ef- 
fect in a laboratory animal that has been 
deprived of the particular vitamin. As 
vitamin chemistry has developed, scien- 
tists have been able to define units in 
more mathematical terms, which has 


greatly simplified standardization and 
dosage of vitamin products. The Inter. 
national Unit of Vitamin A, for example, 
is defined as the ‘‘growth-promoting ae. 
tivity of 0.0006 milligrams of crystalline 
beta carotene.’’ Carotene is the stuff 
from which the body makes vitamin A. 

An adult should eat at least 3,000 vita- 
min A units daily in order to remaiy 
healthy, avoid night blindness and be 
better able to withstand infection. More 
than 3,000 is desirable. 

You can get 670 units of the daily 
3,000, says the National Dairy Council, 
from a generous, six-to-quart-size serving 
of ice cream, 700 units from an ounce 
of cheese, 1,040 units from a pint of milk 
and 1,600 units from one and one half 
ounces or about three tablespoons of 
butter. 

Getting over to other foods, you get 
1,000 units of vitamin A from one ounce 
of raw carrots ; 3,000 units from an ounce 
of liver ; 3,000 from an ounce of spinac! 
700 units from an ounce of squash; 800 
units from an ounce of fresh prunes; 
1,000 units from an ounce of eggs; and 
from good old cod-liver oil, 8,280 units 
from one teaspoonful. 


THE HOSPITAL FOR MENTAL 
DISEASES IN VIENNA 

Few scientific discoveries have the 
dramatic thrill for mankind that is pos- 
sessed by certain epoch-making medical 
discoveries. The story of lives saved by 
insulin as a cure for diabetes, by liver 
for pernicious anemia, and, most re- 
eentiy, by insulin again as a cure for 
dementia precox have the heart-touching 
appeal of modern miracles. 

Among these medical wonders is the 
tale of the conquest of paresis. 

Paresis is particularly tragic because 
it attacks men in the prime of life, rob- 
bing them of health, happiness and sanity 
itself and leaving them to a slow horrible 
death. It was once called Officer’s Dis- 
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ease because it would develop in those 


army men in the higher ranks who re- 


mained for a long time in the service. 
Enlisted men who left the army after 
their did not come 
inder the observation of army physicians 
ifter the paresis had had time to develop. 

First hint of the cure came also from 
the experience of the army. For it was 
bserved that men returned from the 
tropics did not fall victims to this dis- 
It was at the Hospital for Mental 
Diseases in Vienna that Professor Wag- 
ner von Jauregg discovered that the trop- 
eal fever malaria would kill the organ- 
sm responsible for paresis. 

As a result of this discovery, just about 
a third of the formerly doomed paresis 
patients, as treated with the malaria 
therapy in the United States, may now 
get well and go home again. 

Recently the Vienna hospital 
brated its 30th anniversary—now, as at 
ts founding, one of the most modern 
institutions of its kind. 
patients according to their condition, so- 
‘ial rooms, theaters and modern equip- 
ment and treatment make the outlook 
for the patient favorable. A special wing 
eases exclusively and a 


service was done, 


) > 
Passe. 


cele- 


Segregation of 


for alcoholic 
bureau for the supervision of alcoholic 
outpatients are innovations. 

The Vienna hospital reviews an en- 
viable past. What will the future hold? 


PREVENTABLE SMALLPOX 

If there is any disease that it is almost 
criminal to have, that disease is small- 
pox. Ever since the time of Jenner, the 
simple process of vaccination prevents it 
at trivial cost and inconvenience. 

America’s largest city, New York, has 
been entirely free of smallpox since 1932 
and no one has died of that disease there 
1926. That can hardly be said 
about any other human ill. But the 
United States is not free from smallpox. 
In fact, this disease is on the increase. 
There were 11,806 cases in 1937 as com- 
pared with 7,844 the year before, accord- 


since 
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ing to Metropolitan Life Insurance Com- 
pany figures. 

This is disheartening to medical au- 
thorities. A 
that the disease was at last coming under 


few years ago it seemed 
eliminated as a 
major health problem. Fortunately, th: 
form of smallpox prevailing in the 
United States is mostly the mild, non- 


virulent type which causes relatively few 


eontrol and would be 


deaths. But this mildness may change 
to a more deadly form, killing hundreds 
or thousands before vaccination stops the 
march of a serious epidemic. 

It is the 
East that constitute smallpox’s strong- 
hold. The record of the past five years 
shows only 256 in el crowded 

Massachusetts, Rhode 
Island, New York, New 
Jersey, Pennsylvania, Delaware, Mary- 
land. There were 14,203 cases in eight 
less populous states in the opposite cor- 
ner of the U. S. A.—Weshington, Ore- 
gon, Idaho, Montana, Wyoming, North 
and South Dakota and Nebraska. The 
contrast was one case per million of popu- 


not the congested areas of 


eases in eight 
eastern states, 


Connecticut, 


lation as against 428 cases per million. 
This difference is merely a matter of 
how widely vaccination is practiced. For 
smallpox flourishes in every clime and 
country if given the chance. Evidently 
only a devastating epidemic of the more 
dangerous kind of smallpox will teach a 
costly lesson where vaccination is lax. 


SCHOOL BOOKS AND DISEASE 
GERMS 


Every so often in some community 
comes up the question of disease germs 
being spread by school books. This is 
only natural, since books handled by 
patients having scarlet 
fever, diphtheria, meningitis, infantile 
paralysis and kindred diseases are more 
than likely to get some of the germs on 
them either from the patient’s breath in 


tuberculosis, 


sneezing or coughing or from his hands. 
A pretty clean bill for ordinary school 
books, however, and some recommenda- 
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tions on books in general are now pre- 
sented by Arthur H. Bryan, of the sci- 
ence department of Baltimore City 
College. He collected pages from very 
old and from newer school books, most 
of which had been recently used by stu- 
dents, cut up the pages, soaked them and 
shook them in sterile water for from 15 
minutes to one hour, and then trans- 
ferred some of the water to germ growth 
media to get some idea of how many 
germs actually had been on the pages of 


the books. 

Ordinary school books, surprisingly 
enough, showed very few germs and those 
mostly of a harmless variety. Books that 
are not too old or dilapidated, he econ- 
cluded, are not serious carriers of infee- 
tious diseases. School books that are kept 
for some time before being redistributed 
do not seem to have many living disease 
germs on their pages. Old books with 
visible dirt and grime smeared over their 
pages are capable of harboring many 
more disease germs than clean or new 
school books. 

Mr. Bryan recommends that old school 
books which are frequently exchanged 
should be opened up and sunned for 
several hours. Books used by sick chil- 
dren should not be handed out to other 
students immediately (most germs die 
or lose their virulence if kept away from 
body tissues for a while). Books which 
are dilapidated, out of date and filthy 
with crime should be destroyed. Books 
coming back from quarantined homes 
should be destroyed or held for several 
months before redistribution. 


WORRY AND TOOTH DECAY 
Worry makes the teeth decay. That 
may seem like a far-fetched statement, 
but it appears to be a logical enough econ- 


clusion from a recent study at Cornell 
University by Drs. A. L. Winsor and 
Barney Korehin. 

Upsetting the dicta of older physiology 
textbooks that the saliva in your mouth 
is naturally alkaline, the experiments of 


these investigators, earried on over 
year, indicate that instead the saliva is 
naturally somewhat acid. 

When the flow is increased, as it is | 
chewing or by appetite, this acid cont: nt 
becomes diluted—the saliva is less a 

But remember how your mouth f 
when you worry or are angry? It is dr 
Your tongue ‘‘cleaves’’ to the roof 
your mouth. That means that the 
mal flow of saliva is cut down, and wit 
the lessening of the flow the acid cont: 
is Inereased. 

The degree of acid remains prop 
tional to the flow whether your m 
waters from the odor of broiling ber 
steak, or the smell of pickles, or mer 
from chewing on a hunk of bubble gm 
these investigators found. The greater 
the flow, the less the acid content. 

But after prolonged mental acti 
when you are very tired, or after 
have been asleep, your saliva is m 
acid, the Cornell investigators four 
The secretion that accumulates in 
glands during rest periods is less acid 
the previous flow was plentiful. 

So great is the effect of making t 
mouth water that the secretion can 
changed from acid to alkaline in less th: 
one minute, they found. 

wal possible relation between thes: 
data and the recently reported studies 
of dental decay and nervous upset was 
suggested,’’ conelude Drs. Winsor a: 
Korchin. 


THE EMOTIONAL BREAKDOWN OF 
A CAT 

It may seem a long step, psycholog)- 
eally, from a cat whimpering in a box 
to a young student who throws down his 
books and bursts into an emotional storm 
But is it? Let us look further into the 
story of Tom the cat as told by Dr. Harry 
W. Karn, of the University of Pittsburgh, 
in the current issue of the Journal 
Experimental Psychology. 

Tom was a willing, docile cat. Being 
a laboratory cat, he had lessons to learn, 














; 
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he undertook them readily. The ago, they were almost unknown. Only 

sk, suited to his feline powers, was this: the last of the dinosaurs, that lived in 

He must run down a center alley of a Cretaceous times, ever had a chance to 

box, turn right around a hollow see snakes, and those were of the earliest 

are to his starting point, repeat models and probably not numerous at 

this maneuver a second time, and then that. At least, their fossils are exceed- 
w a similar course to the left ingly rare to-day 

twice—twice right and then twice left. Data on the relative recency of snakes 

reward awaited after each correct are included in a new monograph on 

**Fossil Snakes of North America,’’ writ 

lhe second turn to the right was al- ten by Charles W. Gilmore, of the U.S 

; the hardest for Tom. At one time National Museum, and published by the 


| 


cperimenter and maze. 


ng the early stages of his education, 
fell into the way of turning right, left, 
right, and he persisted in this wrong 


bit for about 75 trials. Gradually he 
ned the correct pattern of right, 
rht, left, left, however, and in 230 trials 


built up an aceuracy of 90 per cent. 
was a erade B pupil. 
But his teachers wanted to see whether 
‘ouldn’t earn an A. So they per- 
dd. At the second turn in the 232nd 
il a radical change came over Tom. 
hesitated much longer than usual at 
turn and then jumped and raced 
ind. After that he refused to enter 
box. He and clawed at 
He would not 


scratched 


rk. And he howled. 

in 32 trials did he make 
He went back to that 
right, left, left, 


Only twice 


right turns. 


| wrong pattern of 


What had got into Tom? Whatever it 
psychologists would like to know, be- 


iuse we have seen the same thing hap- 
n to many a human Thomas. Will- 
r, docile and reasonably successful, 


ip to a certain point, they suddenly fly 


yy 
+3 


the 


handle; 
YS of 


they go back to childish 


behaving; they strike out at 


hose around them; or, like the eat, they 


FOSSIL SNAKES 
Snakes are a comparatively new thing 
ler the sun. In the Age of Reptiles, 


it ended only 50 or 60 million years 


Geological Society of America. 

The first 
resembling modern blacks! 
that 
not appear, 


snakes were non-polsonous, 
lakes and boas 
in respect. Venomous species did 


so far as the present record 


shows, until Upper Miocene time, roughly 
from 13 to 18 million years ago. First 
rattlesnakes began buzzing in the geo 
logic period immediately after that, the 
Pliocene, which lasted from 13 million 
years ago until the Ice Age be van, about 
a million years back. 

The prize specimen in the collection 


studied by Mr. Gilmore is the practically 
entire skeleton of a snake embedded in a 
slab of shale from the Green River for 
the Be 
slenderness and f1 iil ty of 


it 


mation, in northern Rockies 


c 


cause of the 


snake bones, is rare to find well-pre 


served fossils at all; no skeleton so nearly 


complete as this has ever been discovered 
Technique combining the skills of seulp 
tor and dentist was necessary to free the 
fine bones from their stone matrix, but 
it was finally accomplished without mis 
hap. This early invader of the American 
Eden was a serpent a coup! inches 
over a yard long. It has been given the 


scientific name Boav 


THE LONGEVITY 
Honors for 
things are re-awarded to 


OF 


greatest age 


BIG TREES 
among living 
the B 

of western America in a summary study 
by the late Dr. Hans Molisch, ‘ly 
director of the Institute of Plant Physi 


Vienna Dr 


- 
¢ Trees 


formerly 


ology, the University of 
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Molisch’s book has just been translated 
and published in English by an Ameri- 
ean botanist, Edmund H. Fulling, editor 
of The Botanical Review. 

The Big Tree’s only close competitor 
for record length of life, in Dr. Molisch’s 
tabulation, is the baobab tree of Africa, 
which is given an estimated age of 5,000 
years. However, this is only an estimate, 
whereas the equal age of the Big Tree is 
backed up by actual counts of annual 
rings in the trunk. 

Next in line come the banyan of In- 
dia, sacred for having sheltered the 
Buddha. The identical tree under which 
Gautama sat when inspiration came to 
him is still pointed out, and since it has 
been a holy place during all the centu- 
ries, it is quite probable that the tradi- 
tion is accurate, so that the estimated 
3,000-year age of the ‘‘bo-tree’’ is well 
supported. 

Not so well fares the giant cypress 
of Tule, in Mexico, at which stout Cor- 
tez marvelled, and which the famous 
German traveller, von Humboldt, esti- 
mated to be 4,000 years old. ‘‘Compara- 
tive estimates have indicated, however, 
that this swamp cypress can searcely be 
more than 2,000 years old,’’ says Dr. 
Molisch; ‘‘further proof that estimates 
alone easily lead to inaccuracies and 
exaggerations. ”’ 

Even more drastic scaling-down in es- 
timates had to be made for the age of 
the great dragon-trees of the Canary 
Islands, likewise claimed to be the world’s 
oldest. Dr. A. Putter, who studied these 
trees critically shortly after the World 
War, would grant the oldest of them no 
more than 185 years. The claims of 
5,000 or 6,000 years, advanced by natives 
for their trees, Dr. Putter dismissed as 
trivial, because the same natives ‘‘not 
infrequently do not know their own ages 
nor those of their children.’’ 


OUTLINING THE ROMAN EMPIRE 
When ancient Rome was in power, the 
civilized world knew well enough where 


the guarded frontiers of Roman empire 
ran. To-day, it is taking the eye of the 
camera looking down from an airplane 
to find obliterated lines of that empire 

Work of mapping the whole Roman 
Empire was started in 1930 by an in. 
ternational commission of geographers, 
Since then various countries that con- 
trol regions of the one-time empire have 
helped with the problem. 

Ruins of old forts and roads and em- 
bankments have to be studied by the 
slow, hard process of excavation. But it 
is the flying archeologists who have been 
scouting out the lay of the land for the 
excavators, and mapping for them the 
most elusive lines of lost frontiers. 

In Syria, a French archeologist, Pére 
R. P. Poidebard, has done much to trac 
Roman fortifications from Bostra east 
ward toward the Tigris. His interest in 
aerial photography goes back to 1926. 

Pére Poidebard has learned by experi 
ence that in this desert country ruins 
appear and vanish even so far as the 
sharp eye of the camera is concerned 
Not only the season, but time of day and 
weather conditions affect sighting of 
phantom ruins. 

Early morning and late afternoon 
light are best for sharpening the shadows 
and bringing out obscure patterns of 
ancient handiwork buried lightly in the 
earth. Yet, the French observer has out- 
witted the sun on occasion, making hid- 
den ruins visible near midday by the 
trick of flying low and using the plane 
wing to shadow the ground. The first 
time he used this technique, he detected 
an ancient road leading toward the Ti- 
gris River, that previous observers had 
missed. Once spotted, the ruins are 
marked on maps, and then the spade 
expeditions go out, to learn more about 
the frontier defenses in which ancient 
Rome put her trust. 


FEAR IN AINU WOMEN 
The happy savage is not so happy, 
after all. Jean Jacques Rousseau gave 
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the world a rosy picture of primitive life. 

And ever since, the popular notion has 

that primitive man has no 

ars and worries. At least, none worth 

mentioning in the same breath with the 
ty dweller’s harassed nerves. 

But scientists are finding that primi- 
tive man and his wife do fret. Get close 
enough to some native group, and you 
may find ugly mental and nervous dis- 
What 
particularly interests the psychiatrist is 
that a primitive group has its own 


persisted 


orders preying on individuals. 


peculiar forms of mental and nervous 
abnormality. 

A eurious fear reaction that besets the 
Ainu race has been studied lately by 
three Japanese psychiatrists. Out of 
17,500 Ainus, who inhabit Japan’s most 
northerly islands, 111 women were found 
suffering from abnormal susceptibility to 
fear. Over half owed their condition to 
some fright over a snake, in the past. 

Whatever caused the trouble—fright 
at a snake, frog or other creature—the 
same object would at any time cause the 
victim to go through a routine of queer 
behavior. Even mentioning a serpent 
was enough to start an attack in some 
women. The terrified Ainu would grow 
hysterical, fall into a cataleptic fit, re- 
duced for several minutes to automatic 
and abnormal behavior. In the past, 
this condition, called imu, was said to be 
more prevalent than now. Both sexes 
were affected. 

The Japanese doctors conclude that 
this hysteria, which differs from the 
usual forms of hysteria found in civilized 
life, is a primitive form, and even goes 
back to the prehistoric era of Ainu life. 


DIFFICULTIES OF RIVER 
REGULATION 


America is not the only land where 
‘‘improvements’’ to rivers 


ll-advised 
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have brought loss and trouble in their 
train. Some of the older countries made 
their mistakes had 
longer time to be sorry for them. 

A clear-cut example is furnished by 
the wide flood-plain lands of the lower 
Danube, on the estate of Count Traun, 


earlier—and have 


one of the great landholding nobles of 
Austria. Until the end of the eighteenth 
century the river floods were allowed 
their own way on the flatlands. They 
deposited fertile silt, which made for 
lush growth of rich 
forests. 

Then, early in the nineteenth century, 
the river was ‘‘improved.’’ Its channel 
was straightened, and levees were built 
to keep its floods away from a large part 
of the former overflow lands. 

To-day the consequences are tragically 
evident. The protected lands back of the 
levees have been stripped of their forest 
cover, where they had it, and all of the 
land has been so intensively cultivated 
that the alluvial soil has been ‘‘mined’’ 
of its plant nutrient wealth. And of 
new silt ean be 
brought by the river to renew it 

Between the the 
even The river, in its straight- 
ened, narrowed channel, rushes through 
rapidly. When high water 
boils out into the restricted flood plain 
that has been left to it. 


vegetation and 


course, no deposits 


levees condition is 


worse. 
oceurs, it 


Long since, it 


earried off the rich surface soil it had 
once deposited. In its stead, the river 
now dumps gravel and coarse sand. The 


land that was once almost tropically 
luxuriant meadow and swamp forest is 
now a tortured, sterile desert. 

The loss is felt by everybody con- 
cerned. The 
Traun get less income and have less hunt- 
ing in the lowland thickets. 
ant tenants harvest less hay and have less 
wood to burn. And the impoverished 
treasury of Austria collects less taxes. 


present-day Counts of 


Their peas- 








THE WORK OF BEAVERS 


By EDWARD R. WARREN 


COLORADO SPRINGS, 


In studying the work of beavers even 
though for the most part in a few locali- 
ties I 
number of years, many things of special 


as I have done for a considerable 
interest are found sometimes quite new, 
and again, though not especially new, 
There are two 
northerly 


yet worthy of recording. 
streams fifteen 

from my home in Colorado Springs— 
Monument Creek and tributary, 
Beaver Creek, where I have studied the 


some miles 


its 


beavers more or less continuously since 
1913. 

Dugmore, in his ‘‘Romance of the 
Beaver,’’ mentions a dam in Newfound- 
land, high the 
beavers removed part of the erest of the 


where, during water, 
dam, thus forming an opening or spill- 
way through which the water escaped, 
relieving the pressure on the dam and 
I 
must confess that I was somewhat scepti- 
eal about this, but an 
instance where I had little doubt that the 
beavers had done just that very thing, 
and not only on one dam but on three 
This was on the 23rd 


possibly saving it from destruction. 


have since seen 


successive dams. 


of April, 1926, on Beaver Creek, at a 
time when the stream was high from 
melting snows at its head. Here were 


three dams, one above the other and some 
distance apart, and each had a gap in it 
through which the water escaped. This 
gap was in each of two cases seven feet 
wide and about a foot deep (Fig. 1). I 
did not measure it on the other dam, the 
lower of the two. At this one, on May 
14, I found that the opening had been 
deepened so much that the pond was 
drained, and remained so for a year or 
more, when the dam was rebuilt, though 
somewhat differently from its original 
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COLO. 
form. After the high water had subs 
the gaps in the two upper dams y 
closed and the ponds refilled, maint 
ing a varying existence for a few y 
It seemed to me that these openings m 
have been purposely made to relieve 1 
pressure on the dams. 

Farther up the stream on the sam: 
of April, I found another dam wher 
pu 
a tangled mass of the material of 


stream had broken through, and 
structure out and down. This mass | 
nine feet long up and down stream 

about six feet wide. The opening n 
by the water was eight and a half 
and was from three to four 
deep. A week later there was no sp 
change, but on the 14th of May I f 
that some sticks and trash were a 


wide, 


the bottom of the gap and the pond y 
filling a little (Fig. 2). By the 22: 


beavers had built up to within fift 
inches of the top of the dam and 
was plenty of water in the pond. L 


the dam was built to its former h 
A few years after this the dam was ag 
broken, this time near the left end, 
never repaired. As new dams were 
structed farther I 
that that is where the beavers went 


upstream pres 
The spring of 1926 seems to have |} 
a time of catastrophe to the beaver 
on Beaver Creek, for again on the 2 
of April, when I went upstream from | 
last-mentioned dam I saw still 


an 


which had been broken by the high w 


(Fig. 3). This I did not examine 
ticularly until early in May, whe! 
found an unusual construction. 


diagram (Fig. 4) will help to make t 


clear. 








The right section of the dam went 














THE WORKS 








BEAVERS 





to 


left 


Pour Teet 


the 


vy downstream twenty 


Teel 


and thirty to 


the dam that 


Peak 


been forced 


by the water and turned around so 
t was continuous with the other 
There must have been great pres 
have accomplished this, and it ts 
kable that the dam should have 


rether instead of breaking up ana 


downstream plecemeal This 1s, 


er. not the onlv occurrence of the 
See] A 


hat I have study of 


n here indieated that once the 
extended straight across the stream 
upper end of the portion now 
downstream, and it seemed as 
preceding flood had moved that 
aro nel to the Poston in whiel 
tanad that the beavers mia have 

t the dam around from the left 
made a connection Later on 
beavers repaired the gap and filled 


d In 


1929 the 


pond was finally 


found Ol Monu 





ment 4 


reek SOTLEe 


other WOrk OT the beavel ! hel 
seen A dam across the stream | 
broken, the pond drames i! ! 
low stream wed Wong nea 1} 
bank At the left bank. a hin 
above the dam, was a curve 1 
ment, evident \ bu r 
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| came to a dam forming a pond perhaps 
fift, yards in length At the left side of 
the stream. about a hundred feet above 
the dam, was an indentation or bay 
Here there was usually water next the 
high bank, and bare ground between the 
water and the stream. The beavers had 


made a canal starting Trom the upper 





side of the bay, curving arcund thre 
the flooded space, mud banks piled 
each side, with a very muddy trail fi 
its end down to the pond. Where 
measured it the canal was thirty in 
wide, and the water was from nine 
fourteen inches deep (Fig. 5, lower 


and rial | The richt hank WAS cont 
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pond mand had seven « 
. y , Holes The base measured ab 
‘ Bs six bv { t\ \ Pet 
My Thine Vis Ws That ! 
tt! 1932 abet as | ooked TOWware 
Prom camp | ( ad see that \ 
once more hie sual heavy s 
had come during the winter ] 
and now there was plenty of wa 
nlet. [visited the pond in tl 
° ana Ould tha the beavers | 
————— hack, and had evider resun 
) ano f ON 6 BEA 1 A , 
l esate ote INtla rowutiyye ‘ Ving he 
} about the pond had row vel 
{ and | nal it impossible to ¢ 
Tarp ¢ the clam be LLINe I the 
ply of water from the winter’s snow erowt! 
The snowfall of the winter of 1930-31 It seems to have been a rather p 
had been unusually light, and = conse notion that beavers build the 
quently the stream had failed. The with an upstream curve in ordet 
pond received no water, was presumably ter resist the force of the curr 
emptied by leakage about the dam, and own observations show this to be 
dried up | suppose the inhabitants taken idea, and that the curvature 
moved to the creek and lived in the dam Is more likely to be downs 
banks than up. Of twenty-eight dan 
The house was eight feet high above Monument and Beaver Creeks 
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THE OTTAWA MEETING 
a revistration of 1,104 scientists creeds Kor exampl 
tors. the Ottawa meetine of the Socretv pr ul ! | 
in Association for the Advanes subjects as World Sta 
Science, from June 27 to July 2 ine,’ ** World Natural Re 


the third largest summer meeting Botanical Sciences and the 
“association Only the Chicago ** Physics and the Future 
held durine the Century of gram of the Section on ¢ 

ess Exposition in 1933, and the were papers on such subj 
meeting of the association and its ial Biochemisti * and 


Division, held) im Berkeley Cali tions of Isotopes to B 


in 1954, were larger lems.’ ie these discus 
proximately one hundred different no national or sectiona 
fic sessions were held durine the world outlook: no rest { 
at Ottawa, and approximately rights or patents, but prid 
hundred papers were presented contributions to the welfare 


wo thirds of them by Canadian A disturbed world needs n 


sts No distinction was made ternational meetings in wl 
er, between scientists residing in ties and races and creed 
i and those residing in the United srenificance the pres ‘ 
or the association Is truly Ame} jective (‘sy t he that 

1! The broad sense of the word of its bi ; each 

ips the most important character brotherhood of mar 
the meeting Was its entire Tree tf. met] ‘ +] 


from anv national considerat 


. e |] 
n so far as the subjects treated D perat 
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arge part of the papers presented There wer eours ' 

1) Canadian sc tentists was) due Ottaw 1) why) . 
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I ! Laboratory ! Bosto ibuch othe 
ioratol Kmbry Oury n Baltomore 
n Washington it maintains a large a 
hvsica laboratory i Department ol 
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Th (;eoloe@1lea Soccer) Ol America 
nnounces that artificial earthquakes, set 
it b powerlub quarry blasts, wall be 
tidied bv geologists this summer. to 
ete! e the structure of the earth’s 
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measurme real earthquakes 


1) Lo 11S RB Slichter Proressol or veo 


rt \ siesS of Thre \lassachusetts Institute ol 
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